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Department OF Ageicijltijre, 
Washington, a, November 16, 1886. 

To the Pbesipent: 

I respectfully submit my second aa^ual, preliminary report m Oom- 
missioner of Agriculture, 

Americq.n agriculture has developed colossal proportions. With 
more than two cauteries of growth, much the larger part of its de- 
velopment has come from the thought and labor of the last thirty 
years. In that time wheat has (quadrupled its product, corn has a 
threefold production, and cotton has doubled its annual crop. For 
^very pound of m^at and gallon of .milk in 1856 there are three in 
1886, and more than four times as many pounds c>f wool. It ia no 
idle boast that this country produces more than half the cotton of the 
world and three^ourths df the maizie. 

With production so varied that only the tropical fruits are lacking, 
and so abundant as to secure almost unexampled cheapness, it is car- 
tain that this is the best-fed iiation on the globe. Meat, an oeoaw 
sional indulgence in many countries, is here the staple of nearly 
every meal, and the average of individual consumption is at least 
three pounds for every one' consumed in Europe. Fruits are so 
abundant as to ta^ the power of home consumption, the surplus 
going to waste if not fed to farm animals. While the meats, wool, 
and corn, wine and oil, sugar and rice, and products of the dairy and 
of the orchard and garden, are mostly consumed at home, we are 
supplying the deficiencies of other countries, still shipping about 
two-thirds of our cotton, one^ourth of our wheat, and one-fifth of 
our pork products to foreign countries, and ever ready to enter any 
door of profitable consumption that opens to receive the surplus of 
our manufactured products of agriculture. 

American agriculture is progressive. Its comparatively low yields 
are due to the abundance and eheapness of virgin soil, and the desire 
to compass a wider land area in the regions of primitive cultivation. 
The rate of yield is increasing in older settlements under the influence 
of better methods, higher skill, and fertilizing restoratives. Its char- 
acteristic features are the application of labor-saving machinery, 



8 



EEPORT OF THE COMMISSIONER OF AGRICULTUEE. 



deftness in manipulation, and mental alertness in management. Pro- 
duction has dispensed with, half the muscular effort required hy the 
former generation of farmers, and the result is less of drudgery and 
more of physical comfort and mental culture. The future is likely to 
witness a more rapid progress than has yet been recorded. 

The results of production in the present season are favorable to the 
well-being of producer and consumer. The year has been one of me- 
dium fruitfulness. Drought, a specter which stalks so frequently . 
over many a league of productive area, has this season been confined 
mainly to portions of two or three States west of the Mississippi, and 
even there has generally left an ample sufficiency for supply of local 
wants and avoidance of absolute distress^ The cotton crop, wheat, 
and small grains are all of medium dimensions; corn is ample for all 
needs, while below an average yield; fruits and vegetables are of mod- 
erate abundance^ and the grasses and forage crops, the most impor- 
tant source of our agricultural wealth, have in most sections been fairly 
productive* There is no scarcity either in the home supply or in -the 
surplus necessary for any foreign demand, so that no curtailment of 
agricultural exports is expected. Thus the year to the husbandman 
has been one of average fruitfulness, of good markets, comparatively 
low prices, and moderate profits. 

Such is the condition of that industry which this Department 
strives to foster, and such the relation which the farming class sus- 
tains to the stability J progress, and prosperity of the country. Surely 
it should furnish abundant reason for generous legislative supjDort of 
all attempts made to increase production, to diversify crops, to pre- 
serve and enhance the fertility of the soil, to plant, to cultivate, to 
keep and reap more intelligently than those who have gone before, 
and to leave for those who follow us those methods and processes out 
of which, are to be evolved the ultimate solutions of the problems of 
agriculture. 

During the year it has been my privilege to inaugurate new and 
improved methods in the general administration of the Department ; • 
to give due attention to new and improved processes; and to intro- 
duce, from time to time, through the various special reports, what- 
ever the scientific and experimental investigations carried on under 
my direction have suggested as being worthy of attention and trial 
by the progressive agriculturist. It is the aim of the Department 
under the present administration not only to extend the benefits of 
scientific and enlightened inquiry among the farmers and agricult- 
ural workers of our country, but also to induce a habit of thought 
among them which will lead to that practical experimentation in local - 
soils and cli'-- ates which is always necessary to prove the value or 
worthlessnes^of now theories in agriculture as applied under special 
conditions. 

That the Department has been tmusually active in this regard will 
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be proved^ I tMnk/by an examination of tlie detailed reports of its 
several divisions which follow, and that the information gathered has 
been diffused over a wide area is fully attested by the enormous de- 
mand for its published literature and the inquiries for information 
upon special topics from every section. 

EXPERIMENTAL AGRICULTURE. 

In a new country and upon a virgin soil nature responds so readily 
to the plainest cultivation that a maximum of muscle and a minimum 
of brain results in successful farming, but when generation after 
generation has drawn upon the stored fertility, and agricultural com- 
munities have to contend not only with well-worn land, but with 
dear labor and active competition from a distance, the prevailing 
conditions are far different. Labor-saving inventions are sought, 
more brain work becomes necessary, every year seems to bring a 
harder problem, and the modern farmer realizes the number of un- 
known quantities with which he has to deal and the need of bringing 
to his aid all the resources of modern science. No other occupation 
requires such intimate acquaintance with the many and mysterious 
laws of nature, or is so dependent upon the practical application of 
the latest and best of research in every branch of natural science. 
But although there is a general recognition of the value of science 
applied to agriculture, farmers will never be able to accomplish 
much by individual effort in solving the problems met with at every 
turn. In addition to all the recorded experience of the past, new 
experiments, to determine truths of practical value, -are constantly 
needed. Some individual fanners have conducted experiments so 
Garefully and persistently as to reach conclusions of general value. 
The work remaining to be done, however, is greater and more im- 
portant than all that has been accomplished, and requires time and 
means which cannot possibly be supplied by farmers themselves 
singly or collectively. And however creditable the results of private 
effort in agricultural experiments, such labors are usually found 
fragmentary, disconnected, and only useful for local application. 
Moreover, so important is a correct plan, absolute accuracy of detail 
in execution, and unbiased interpretation of the results, that agri- 
cultural investigation, to be of public service, needs to be scientific- 
ally conducted by well-trained men. Baron Liebig said : 

When the practical raan attempts exact methods he is almost invariably a sufferer. 
He seems to forget that man does not become intuitively acquainted with scientific 
procedure, but that this must be learned, like the skillful use of any complex instru- 
ment. 

Hence the necessity for now pro visions for such experimentation as 
is required by progressive agriculture and their better organization 
and mainteiiance. 

All other industries and the public welfare are so dependent upoa 
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the prosperity of agriculture in almost every country, that the inves- 
tigation and experiment needed for the progress of farming in any 
given country has come to be acknowledged as work properly under- 
taken at public expense and under the direction of the state. The 
only question which appears to be open for discussion in this connec- 
tion is as to the best provisions for that experimental work which is- 
recognized as essential to the progressive agriculture of our times. 

Institutions for this purpose^ generally known as agricultural ex- 
periment stations, have been established and supported by public 
funds, some for nearly thirty years in raany parts of Europe, and for 
a shorter time in several of the United States, The "station" is sim- 
ply a comparatively new and improved method of conducting agri- 
cultural experiments. It is a place where discovery for the benefit 
of farming is made a regular business, with complete equipment, and 
managed by competent men. These establishments have become so 
valuable and popular in EuropOj that they have rapidly increased In 
number, until there are now aboixt oi^e hundred and forty in operation, 

Agricultural experiment stations in this couutry have been estab- 
lished in nine States, in the following order: Connecticut and N'orth 
Carolina in 1877; New Jersey, 1880; ITew York, Ohio, and Massa- 
chusetts, 1882; Wisconsin and Alabama, 1883, and Maine in 1885, 
These are all distinctly independent institutions, with their own or- 
ganizations, and supported by State appropriations or special tax. 
Some, however, are located at State agricultural colleges, and officered 
by the: college professors. These stations differ greatly in their or- 
ganization, facilities, and work. Some are required to control the 
business in commercial fertiliz;ers in their respective States, while 
others do nothing of this kind. In ISTew Jersey and North Carolina 
at least $10,000 is expended yearly, mainly in laboratory work and 
the publication of results, although land is somewhat used in Kew 
Jersey. In Alabama and Wisconsin large areas of land are used— 
100 acres or more; in Ohio, 25 acres; and in New York about 125 acres. 

In several other States there are provisions made for systematic 
experiment work at the agricultural colleges and State universities 
by appropriations from college funds and the assignment of pro- 
fessors to this duty; In some cases the results are becoming very 
valuable, at least locally, while in others the efforts are feeble and 
uncertain. 

Other States and colleges are considering the inauguration of ex- 
perimental inquiry, and efforts in this direction are apparently lim- 
ited only by lack of means. Experimental agriculture is expensive. 
It means constant outlay for the good which will come of it, and the 
greater the outlay the more valuable the returns. An experiment 
station is a place to spend money systematically, judiciously, with no 
apparent return, but always for the purpose of ultimately saving 
much more. And this saving, being in the production of the neces- 
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saries of life, results in benefit not only to tlie farmers, bnt to every 
class in the eommiLnity. The fact is well known that the endowments 
of most of the State agrioultnral coUeges are very meager; in several 
instances even insufficient to maintain a creditable educational insti- 
tution. In such cases expenditures for experimentation are impossi- 
ble. Yet to do good work a station should have well-appointed build-^ 
ings, expensive apparatus^ books and periodicals, and a handsome and 
certain annual income. Able men should be secured and salaries paid 
according to the nature of the work. The colleges generally cannot 
be expected to assume suqh burdens, and it is probable that the States 
most needing such stations will be the last to create them, if ever done. 

With a number of well-equipped and fairly maintained stations in 
as many different States, operating without communication, much less 
co-operation, and often in diverse lines of inquiry, the results are but 
a fraction of what they might be if provision were made for joint 
effort and harmony of action. As at present conducted, the results 
of investigation at State stations are usually promulgated by publi- 
cations which have a very limited distribution, and even where work 
in a single State is of a character which makes its conclusions gener^ 
ally applicable, the country at large fails to derive any benefit there* 
from. 

National legislation has been proposed to extend the work of ex- 
perimental agriculture, establishing it in every State, as well as to 
strengthen that already in progress, and to make the results of all 
available to the country at large. Without interfering with the or- 
ganization and management of State stations, whether at colleges or 
independent. Federal support may supplement existing agencies, and 
provide thcrough this Department a certain degree of control to secure 
co-operation where needed and furnish such a medium of intercom- 
munication and exchange as to greatly facilitate and improve the 
work as a whole. 

I referred in a previous report to a convention of delegates from 
these various colleges and stations, called by me, to develop a system 
to unify results and make these institutions of greater benefit to the 
country. While waiting upon Congress for authority and means to 
execute the design and unanimously expressed wish of these institu- 
tions, which subject I heartily commend as worthy of careful con- 
sideration, I have commissioned a special agent to visit and inspect 
experiment stations, in order to ascertain what facilities already exist 
in this country for systematic experimentation, what has been actu- 
ally accomplished, and especially what are the needs for future work. 
Many data havo been oolleeted, and will form the basis of a future- 
report upon the subjects 

There can be no question of the value of these investigations and 
experiment:; if liberally supported and ably conducted, especially in 
adjusting to its new oonditionB the agriculture dependent upon the 
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worn land of tie Southern States. Tlie 

benefit to be derired from tbem i&practically limited only by tte out- 
lay wMch it is possible to make. The stations and colleges of the sev- 
eral States are constantly urged to enlarged experimentation, beyond 
present resources, and often find themselYes ^^ striking new leads," 
which they cannot follow, all for want of means. In nearly all cases 
there is land enough^ and to spare, owned and immediately available. 
In numerous instances buildings are ample, or^ shape to be easily 
converted to furnish the necessary accommodations for laboratories, 
stables, storage, and offices. \ But, as already shown, the current ex- 
pense of , experiment work, comprehensive aiid thorough, is very _ 
heavy. Cheap labor and appliances will not do. Salaries must be 
sufficient to command scientific ability of the first order, and the 
workers must iDe untramme^^^^ None of the colleges 

have the means to keep up their educational facilities and assume 
new obligations of this extent and character, however well recog^ 
nized the importance of the work. A few of the States can be in- 
duced to make special provision sufficient for the purpose. Where 
State stations do exist and colleges have begun- such work^ it is ap- 
parent that further provision is necessary for their full development. 
Hence the very general interest in the bill now before Congress for 
the establishment of agriaultural experiment stations in connection 
with the agricultural colleges of the respective States and appro- 
priating money therefor,- and the prevalent opinion of its impor- 
tance arid the desire for its early enactment. No measure :is_ now 
periding or proposed of greater import or bearing a brighter promise 
of deep-seaied and lasting benefits to the agricultural interests of the 
United States in all their branches. 

This bill is not, however, free from defects, and certain amend- 
ments may well be recommended here. The amount which it pro- 
poses to annually appropriate to each State ($15,000) is none top much 
to establish and maintain one good station. To permit this to be 
divided and appropriated among different stations or institutions 
would at once defeat the desired object; and instead of one strong 
station in every State, two or three worthless starvelings would here 
and there be found, consuming their whole allowance in the general 
expensi^ necessary to every station, with no margin for accomplish- 
ing results. Congress should not repeat the mistake which has 
already been made in one State at least, by which a land grant has 
been so divided up that no piece can be found big enough to be serv- 
iceable, or maintain an institution worthy the name of '^State Agri- 
culturarGollege." But while every State should :be required to kee^^ 
the allowance intact and assign it for expenditure to one and only 
one place> permission should be granted for every State to determine 
by its legislature, and once for all, to what ins^^^ 
ation shaU be assigned. States having well-established independent 
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stations would doubtless prefer to streiigtlien them rather tlian create 
duplicates, and should be allowed by th-e law to do so; and it is cer- 
tainly to be hoped that in States where the agricultural-college funds 
from the land grant of 1862 have been absorbed by institutions which 
have shown no desire to conform to the spirit of that law, the people 
will not permit their legislators to repeat the former blunder, but 
require them to create a bona-fide station, regardless of the merely 
nominal agricultural college existing/ The bill as drawn allows only 
one-fifth ($3,000) of the first year's appropriation to be expended for 
buildings, repairs, &c., and only $750 annually thereafter. Consid- 
ering the necessary expenses, especially in starting a station where 
nothing of the kind exists, this allowance is quite inadequate, and 
the restriction might defeat the object of the law. For buildings 
and repairs $5,000 should be allowed the first year and the second, 
and at least $1,000 annually thereafter. The buildings of the Mas- 
sachusetts station, neither extravagant nor large, cost a good deal 
oyer $10,000, and, although models of their kind, and sufficient for 
the present income, would have to be enlarged with the extended 
operations made possible by the proposed Federal endowment. These 
and minor amendments are desirable, but the principle of the pend- 
ing bill is right, and all friends of agricultural progress in America 
should unite in urging its passage. 

With an agricultural-experiment station in every State, well 
equipped, ably managed, and liberally supported, the work would be 
still inooraplete. To preyent useless and wasteful duplications md 
repetitions, and to secure co-operation and concerted action when 
needed, there must be a central station or oflBLce, and the natural place 
for this is at Washington, The center for the work should not, and 
indeed could not, dictate or control the operations of the State sta- 
tions, but it could and should be of great service in harmonizing, uni- 
fying, and economizing the whole. If such central office did nothing 
more than serve as a medium of compaunication between the State 
stations— a sort of clearing-house, keeping every one informed as to 
the operations, progress, and results of all the others— it would still 
be indispensable, and a station of equal importance with the others. 
But, in addition, the central station should receive, criticise, digest, 
edit, and consolidate the results obtained at the various stations, and 
periodically promulgate the same in a form suited to popular under- 
standing and application. 

The "experiment-station bill" before Congress provided but par- 
tially for thisimportant service to be performed at the Department 
of Agriculture. A vital omission is the failure to make special appro- 
priation for the purpose. The already overtaxed clerical force of this 
constantly' growing Department could not properly perform this ad- 
ditional duty. A new office or division is necessary,, with a chief 
equal in ability to the directors of the State stations, and competent 



assistants. TMs siiOTild be proTided f or indepeiident of tlie regtilar 
appropriation for the Department; and the simplest and best way is 
to amend the pending bill, by placing the United States Department 
of Agrionltnre on an eqnal footing with the several States as to ap- 
propriations and general objeets/biiit especially charging it with the 
diities indicated as belonging to the central 

- Experimental; agriculture, upon a scientific basis, has already been 
so well begun in America, these eferts and their results have been 
so favorably TOceived, and the facilities for an^xtension of the work 
are so good, if only the necessary funds can be obtained, that there 
■ is every xeason for expecting imm lasting results from the 

early passage by Congress of the proposed law. The result would be a 
great impetus to experimental inquiry^ and, in thie words of another, 
* - by providing the rDeans for more and extendjsd investigatioiis, agri- 
culture will be materially advanced, the condition of the f armer im- 
-proved, and the agricurtural calling accorded in public estimation some^ 
measure of that dignity and importance to which, as one of the chief 
elements in national wealth and greatness, it is fairly entitled." It is 
hoped the importance of this subject and the^^merits of the propoBed 
legislation will commend themselves to the Support of Oongress. 

The most i^nportant work of this bureau has been the investigation 
and control of the contagious diseases of am^ Our vast areas of 

productive pasture lands, our -enprmdus crops of grain, and our salu- 
brious climate have led to a most remarkable development of the 
flocks and herds of the country. . With this increase in the number 
of aninials, their constant importation, and _f ree mo vement between 
all parts of the country coiitagious disease^ :have. been introduced 
and disseminated to an alarming extent. - 

■ Most important at this time is the contagious pleuro-pneumonia of 
cattle, which, introduced into our Atlantic seaboard States nearly 
half a century ago, has until recently been kept away from the great 
central markets of the country. About three years ago the contagion 
of this disease was carried to Ghio> from QMo to Illinois, and from 
Illinois to EZentucky and Missouri. After a continued application of 
all the authority granted under the national and State laws the plague 
was extirpated from Ohio, Missouri^ and Kentucky, and it was thought 
tobe also eradicated from Tllindis. IJnf ortunat^^^^ it was again found 
to be in existence in and around Chicago in September last. A thor- 
ough investigation has shown that the contagion has been dissemi- 
nated among the cattle in the distillery stables and among those rim- 
ning at large on the streets and commons of the city and suburbs. 
Many animals have been exposed. The exact number is not known, 
but it is certainly very large, and, what is equally serious, the un- 
fenced lands about the city have been infec 
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Every efPort possible under eM&ting laws has been made to locate 
tbe diseased animals and isolate all that have been exposed. With 
snoh a plague as this existing in the greatest live-stock center of the 
country, threatening to impair both the quantity and quality of our 
food supply, and increasing the insecurity of our export trade in live 
cattle and in cattle products, it would have been most fortunate if 
every animal exposed to the disease and liable to contract it could 
have been summarily slaughtered and the contagion thus eradicated/ 
The experienoe of all countries has been that the malady may be 
thoroughly and completely stamped out in this way, and that there 
is no other means by which the bovine species can be protected from 
its ravages. This disease is one of the most destructive which affects 
domesticated animalsj it does not run a definite course and disappear/ 
but remains in the same herd year after year, and as it frequently as- 
sumes a chronic form, there is a more than ordinary temptation to 
dispose of the milk and flesh of diseased animals for human food. 

With a disease of this character at Chicago it has been truly said 
that the cattle industry of this country has reached a crisis. There 
can be no doubt that it will be soon and widely disseminated unless 
prompt and effectual action can be instituted for its speedy suppres- 
sion. Even now it may have been scattered to some extent in the 
West, and the investigations of the next year will probably bring 
other outbreaks to light. The matter is a most important one, over- 
shadowing in urgency all others affecting our agricultural popula- 
tion, and of vital interest also to every consumer of beef, of milk of 
butter, and of cheese. To prevent the spread of this scourge, which 
has already greatly affected our foreign and inter-State commerce^ 
additional legislation by Congress is now essential. ' 

Under the authority conferred by the acts approved May 20, 1884, 
and June 30, 1886, the Department has co-^operated with such States 
as accepted its rules and regulations for controlling and extirpating 
this disease. Much valuable work has already been done in Mary- 
land, and the danger of the dissemination of the contagion from that 
State has been greatly lessened. No work has been done in the State 
of New York, because it was evident that the appropriation was not 
sufficient to secure any favorable results there on account of the ex- 
tent of the infection. The disease also exists in New Jersey, Penn- 
sylvania, and Virginia, but the State authorities have not yet accepted 
the rules and regulations of the Department for co-operation, 

I greatly regret the necessity of announcing the existence of this 
dangerous disease over Buch a wide area, but the serious results to be 
aj^prehended from, it make it imperative that the truth should be 
known, in order that such legislative action may be taken as is indi- 
cadted by the emergency. 

Of next importance among the contagious diseases of animals is the 
plague of swine, generally known as hog ^^^^c^^ The losses from 
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tMs malady are estimated at from ten; to ttirty millions of dollars 
anniially. Tie investigations of tie past year have thrown mncli 
liglit npon its nature and cause; they will make possible more intel- 
ligent measures of prevention^ and it is hoped that they wiU soon lead 
to discoveries which will enahle our farmers to guard with more cer- 
taiiity against it. 

In former years the introduction into the herds of our Middle and 
Northern States of the Texas or splenic feverof the South has caused 
the lo^s of many cattle during the hot and dry weather of summer 
and fall. The information which this Bepartment has colleeted and 
disseminated in regard to the nature of this disease and the districts 
from which it might he introduced has enabled our stock men to pro- 
tect themselves so effectually against it that the losses of the current 
year have been dnconsiderable. , / 

T& quarantine of cattle imported f rom other countries has been 
maintained by this Departnientj tod during the yea 
tagious disease have been detected among such animals. 

DIVISION O^ eHBMISTRXv 

The work in this division during the past year has been of a varied 
character. The usual number of examinations of waters^ minerals^ 
fertilizers/ and miscellaneous articles has been made» This class of 
miscellaneous work is suflttei^nt ■ to employ the time of one analyst 
constantl3!%:. 

The systematic work of the division has been directed to the fol- 
lowing investigation, viz: 

(1 ) Da/iry products, —A critical examination has been made of the 
various methods ofr analysis proposed for: butter 
and milk. This study was oonsidiered of especial importance on ac- 
count of the interest excited among the agriculturists of the country 
on the subject Of artificial butter. Oombined with the chemical ex- 
amination there was made a thorough optical study of the various 
fats used in the fabrication of butter and mixtures of the same. As 
a result of these studies the best and most certain methods of dis- 
tinguishing between pure and artificial butter have been pointed out. 

A thorough study of the specific gravities of the different fats and 
oils has also been made^ and in addition to this a new and accurate 
method of determining their melting points has been worked out. 

In respect of milk, all the latest methods of analysis have been 
subjected to minute examination, and a new method of separating 
cream for analytical determination has been devised and put into 
gucoessful operation. By this method the speedy and accurate esti- 
mation of the percentage of fat in milk has been secured. The re- 
sults of all the work with dairy products, have been collected, and 
will appear in Bulletin No. 14. : 

(2) Condiments —It has long been known that spices, peppers, and 
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other condiments exposed for sale have been largely adulterated. To 
determine the character and extent of this adulteration the division 
has nndeptaken a critical chemical and microscopic study of these 
substances. The results of these studies, now ready for publication, 
show that the expectation of adulteration has, unhappily, not been 
diaappointed, and also the nature of the adulterants used and the 
chemical and microscopic manipulation necessary for their detec- 
tion. 

(3) Commercial fertilizers,— The importance of accurate and uni- 
form methods for the analysis of commercial fertilizers has long been 
acknowledged. 

Accepting the invitation of the Department, the Association of 
OflBcial Agricultural Chemists held its third annual convention in the 
rooms of the division, under the presidency of the chief Chemist. 
Representatives were present from the experimental stations and 
agricultural colleges of the country, and nearly all the State chemists 
were in attendance. Uniform methods of analysis were adopted, and 
the details of the manipulations have been published as Bulletin No. 
12 of the division. 

(4) Experiments in the manufacture of sugar. — As a result of 
the experiments carried on last year at Ottawa, Kansas, an account of 
which was* published in Bulletin N"o. 6, the Department was led to 
continue the experiments at Fort Scott, Kansas. ^ 

Congress made a liberal appropriation for continuing these experi- 
ments, and the work of preparation was at once commenced on the 
approval of the bill, June 30, 1886. As a preliminary study the Chem- 
ist of the Department had made a careful examination of the various 
forms of machinery best adapted to the work, and a description of 
this machinery was published as Bulletin No. 8. The machinery for 
the experimental work was mostly constructed by the Pusey aiid Jones 
Company, of Wilmington, Delaware, and it was erected in a building 
provided by the Parkinson Sugar Company, at Fort Scott, Kansas. 
It was only in the latter part of September that this machinery was 
finally put into tolerable working order. All the mechanical diffi- 
culties which the experiments at Ottawa had revealed were avoided 
in the new machinery with the exception of the apparatus for mov- 
ing the chips and slicing the cane, which, by neglect of the contractor, 
was left just as it was used at Ottawa. This omission caused a great 
deal of delay in the subsequent experiments. 

The result of the season's work showed that the extraction of the 
sugar from the chipped cane proceeded with ease and to a degree 
wholly satisfactory. Less than one-half of 1 per cent, of total sug-ars 
out of the average 12 per cent, present was lost in the process of ex- 
traction. A severe frost September 30 greatly injured the cane and 
diminished the percentage of crystallizable sugar therein so rapidly, 
that on the 22d of October no further crystallization could be ob- 

AG. m—z 



18 



KEFORT OF THE OpiMISSlONlR OF 



tained. While tlie esperimeiits stowed iliat the process of diffusion 
would practically secure all the^ stigar in tie cane, ttey also showed 
that a good article of sirup could not be produced unless the canes 
were more thoroughly cleaned. This part of the work must be sub- 
mitted to further experiment, which the early close of the manufact- 
uring season unfortunately prevented. 

Another difficulty of a chemical nature also presented itself during 
the progress of the work, and so far no practical method of avoiding 
it has baen discovered, . This is the inversion which the sucrose suf- 
fers during^ the progress of diffusion, and whioh is caused by the 
acids of the cane; These acids esisted^^ remarkably large quantities 
in the cane used for experiments, and caused the conversioh of a great 
deal of iOie crystaUizable into un^orystallisjable^ugar.^ ^^^^T^ 
ished the product of the sugar and. correspondingly increased the 
output^ of molasses. Experiments were made looking to the avoid- 
ance of this difficulty by making the water of diffusion alkaline. 
These, however, were not praetically successful. Better results were 
obtained by using the carbonate of lime freshly precipitated or in the - 
state of an impalpable powder, like powdered chalk.^^^ W ex- 
: ception above mentioned the experiin^nts were atten encour- 
aging results. 

(5) Experiments with sugar-cane from Louisiana.— Th^ 
periments were undertaken as preliminary to the work which the 
Department proposes to do in Louisiana next year. About 150 tons 
of cane were sent by Hon. E. J. Gay, and the experiments were made 
during the first half of November. The most brilliant success at- 
tended these experiments, some 4=0 pounds per ton of sugar being 
/^obtained aboTO the results obtained in Louisiana by the average 
milling. : : ' ^ ■ _ J ^ 

: These experiments prove beyond a doubt the easy applies 
diffusion and carbonatation or some similar process to the extraction 
of sugar from sugar-cane. By the introduction of this procedure 
into Louisiana the yield of sugar would be increased fully one-third 
over its present amount from a given weight of cane. 

ENTOMGLOOIOAL BIVISION. 

The value of the work of this division was set forth in my last re- 
port to you/ and is so well known to the farming and induBtrial com- 
munity as to call for no comment. The appreciation of the work, 
however, is not confined to this country, and I observe with some 
-pride the favor with which the publications of this division are re- 
ceived in other countries, as evidenced by letters of acknGwledgment 
sent to me and by honors conferred up^^ Amarked 
evidenceof the importance now attached to e43^^^ 
is shown in the appointment of a governrnjont: entomologist for Eng- 
land, and in the holding on the Continent of ' an internatiGnal exhi- 
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bition of machinery and oontriTanoes for applied remedies against 

botli fungi and insects that are destructiTe to cnltivated plants. This 
congress was held in October at Florence, and his excellency B. Gri- 
maldi, the minister of agriculture, industry, and commerce for Italy, 
very strongly urged me to haye a representation of ihe discoveries 
and meGhanical appliances that have been developed in the work of 
this division, and to send a representative to take part in the discus- 
sions of the congress to be held in connection with the exhibition. 
The Entomologist was, in fact, appointed one of the jurors. An in- 
telligent report of these appliances and tests would have been of great 
value to this country, particularly as the more important devices, so 
far as I can learn, are modifications of those which have been per- 
fected in this Department. The last year's appropriation for the work ; 
of the Entomological Division expressly prevents my taking advan- 
tage of any such opportunity in a foreign country, and I am, unfort- 
unately, powerless to meet such emergency. 

Ten thousand dollars of the appropriations to the division were 
transferred to the new Division of Ornithology and Mammalogy, and 
this has necessitated a reduction of the working force of the Ento- 
mologist. Although the possibilities for extended results are lessened 
thereby^ the division has accomplished much good work during the 
' year. 

The publications of the division have been, in addition to the an- 
nual report of the Entomologist, the fourth report of the United States 
Entomological Commission, Bulletins Kos. 9, 11, and 12^ and a com- 
plete report on insects affecting the orange. 

The first-named work comprises the final report on the cotton- worm 
and the boll-worm, by Prof. C. V, Riley. It is a volume of more 
than 500 pages, and is illustrated by 64 platea in addition to the text 
figures. There has been a large call for this volume from cotton 
plantersthroughout the South, and it was fortunately published, after 
much delay> at the beginning of a season in which the cotton-worm 
appeared in great force in several of the cotton States. Bulletin No. 
9 is a thoroughly revised edition of the manual of instructions in silk 
culture, introducing many new figures and modifying the work in 
the light of recent discoveries and methods. Bulletin No. 11 contains 
detailed reports of experiments made by agents of the division in New 
Jersey, Indiana, and Iowa, with many of the insecticides recommended 
against insects injurious to garden crops. Bulletin No. 12 comprises 
a long series of notes on the injurious insects of the season of 1885, 
an article on the production and manufacture of buhach, the Califor- 
nia insecticide, a continuance of the work on forest insects, and addi- 
tional material on the periodical cicada. 

The report on insects affecting the orange has met with much favor 
among orange growers, and, although issuedlate in March, the edition 
is already exhausted. The remedies recommended have come into 
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quite general use, and there is still a continnal demand for the report, 
a new edition of which I hope may soon be issued. 

Several new aixd important investigations have been entered upon. 
The cottony cushion scale insect has for many years done great dam- 
age to orange, lemon, olive, and other fruit trees in California, into 
which State it was introduced nearly twenty years ago from Aus- 
tralia/while many other scale insects seriously affect Calif ornia horti: 
culture. In consequence, two agents were sent to Los Angeles early 
in the spring, and have continued through the summer, making an 
extensive series of experiments with remedies, 
" At the request of many prominent planters of the Lower Missis- 
sippi Valley an investigation has been begun into the habits of and 
remedies for the Southern buffalo-gnat, an insect which almost annu- 
ally, and particularly in seasons of overflow, causes great loss of life 
among stock in that region. Three agents have visited infested local- 
^ities at different times during the season, and the life history of the _. 
insect has been made out and will shortly be published. An investi- 
gation has also been begun upon the insects affecting garden crops in. 
Florida; and agents in Ohio, Indiana, Iowa, Missouri, and ISrebraska 
are: studying the insects of their respective regions and experiment- 
ing with remedies. : ■ ^ V- 

The correspondence on economic entomology has been more ex- 
tended than ever, andnearly three thousand letters of inquiry have 
been answered. This increase is due not only to the fact that agri- 
culturists take a constantly increasing interest in the work of the 
division, but also to the fact that the season has been particularly 
favorable to the increase of many of our most injurious insects. The: 
chinch-bug and the Hessian-fly .have done oonsiderable damage in 
several of the Western grain-growing States. Plant lice of all kinds 
havo increased enormously, particularly in the Northeast. The hop- 
plant louse alone has damaged the hop crop of New York State to 
the extent of hundreds of thousands of dollars. The Entomologist 
visited the hop fields in September and made a number of important 
observations, which vf ill lead to practical results. The shade trees of 
the principal cities of the Atlantic coast have suffered severely from 
the attacks of the fall web-worm and other hairy caterpillars, which 
the English sparrow will not touch. The work of this insect was 
especially noticeable at the capital on the avenues of trees, which 
form such a beautiful feature of the city. The Department has al- 
ready published, , as one of the bulletins of the Entomological Divis- 
ion, full directions how to protect trees from injury of this kind, and 
it is to be regretted that the District commissioners were not in a po- 
sition to follow the practical recommendations thus made. 

Work has been continued at the apicultural sta,tion in Illinois, and 
some valuable results accomplished. Most improvement in bee cult- 
ure in the past has been in the direction of mechanical appliances 
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intended to eeonomize wax^ increase tlie lioney supply, and facilitate 
manipnlation. The experiments now being carried on have in yiew 
rather the improvement of the bee itself, and there is every promise 
that, by controlling reproduction and by other methods, the honey- 
yielding power of the bee can be materially increased, and that bee 
culture will thus receive an impetus analogous to that given to the 
dairy interest by improving the milk and butter producing qualities 
of the cow. ' 

SILK. 

I am happy to say that Congress at the last session met several of 
the recommendations and suggestions in nay first annual report, and 
prominent among those departures which the Department has thus 
been able to make during the year may be mentioned that of experi- 
ments in reeling silk in this District from domestic-grown cocoons. 
Experiments had been made for many years in this country in the 
production of cocoons, and while the results were encouraging and 
prbgressive, yet our people, not having the incentive of a market to 
bring to the problem of successful cocoon raising, American genius, 
and adaptability cannot be said to have become first-class cocoon 
raisers. Obviously, then, the step of wisdom, of economy, of pru- 
dence, must be one looking toward a profit in the production of co- 
coons, or, in other words, a market for them. There can be no doubt 
of our ability to raise cocoons, and that, too, by the labor of women 
and children, who might otherwise be unemployed. 

Having^ then, American-grown cocoons, what is their place in, the 
economies ? Will they furnish raw silk to be reeled in America in 
an American way, and furnish a remunerativQ reward to American 
labor? 

The Entomologist considered this in his last report, and clearly 

showed that no decisive answer to this question could be reached until 
a practical silk-reel had been thoroughly tested at some point where 
the details of its work could be watched and directed by himself and 
his assistants, and where the work could be carried on for at least two 
years on strictly business principles. In accordance with this sug- 
gestion circulars have been sent into every section, offering to pur- 
chase cocoons, which, upon receipt, are appraised by experts at their 
market value. The experimental and reeling stations at San Fran- 
cisco, New Orleans, and Philadelphia have been abandoned, and a 
careful experiment is now being made with the Serrell automatic reel 
at this Department. The success already obtained is most gratifying. 
This interesting experiment is enabling the Department to carefully 
note the quality of cocoons grown in different sections and climates, 
to examine the raw silk produced thereby^ and to ascertain its market 
value; to compare the relative merits of osage-orange and mulberry 
fed worms; and to determine various other questions of importance 
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before any recommendation can be made. It i& believed that in one 
respect an interesting fact has already been developed, viz., that silk 
j)rodnced from osage-orange-fed worms is in everyway equal, and in 
some respects superior, to that produced from mulberry-fed worms, 
both in quality and quantity. The general result of these experi- 
ments is, indeed, so satisfactory, that I have asked Congress to in- 
crease the appropriation for the coming year by adding the $5,000 
given to the Women's Silk-Culture Association of Philadelphia, 
which, though appropriated in Gonnection with the appropriations 
of this Department, is virtually in the nature of a gift, over which I 
have no control, the association being neither responsible to me nor 
to any one else for the disbursement of the same, 

DIVISION OF STATISTICS- 

This branch of the Department organization has a corps of corre- 
spondents, representing over 2,300 counties, four in each county, a 
duplicate service for unification and special investigation, under the 
direction of State statistical agents, and a European statistical agent 
connected with the United States consular system. 

Its work receives high commendation from the press of this country 
and unstinted praise from foreign publicists for the prompt and 
intelligent effort to keep abreast of the statistical progress of the 
age, to improve its machinery of crop reporting, to advance its 
standard of accuracy, to enlarge its practical utilities, and to assist 
in broadening the scope and unifying the methods of international 
statistics. 

Its service is called in requisition by every branch of the Govern- 
ment, by the representatives of foreign courts, by home and foreign 
agricultural and industrial organizations, by writers and compilers, 
the representatives of commercial guilds, and the people generally. 
Its printed reports of the year, in which the utmost brevity has been 
sought, comprise nearly one thousand pages, in addition to its exten- 
sive manuscript reports, statements, - and correspondence. 

This division is becoming yearly a more efficient defense of pro- 
ducers against the speculative commercial class, who are unscru- 
pulous in their selfish statements of the amount of production. The 
saving to farmers of a single mill on each bushel of grain amounts 
to nearly $3,000,000 per annum. The possibilities in protection of 
producers are enormous, and the accomplished results are believed 
to be very considerable. It has also done good service during the 
past year in collecting information exposing the numerous organized 
efforts to defraud the agricultural alass on cunningly devised pre- 
texts. From the isolation of farmers, and the large numbers of for- 
eign birth little acquainted with the English language, a wide field 
is opened for the operation of sharpers and con£dence-men. 
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The work of this division is not only various^ but widely extended- 
not only continental^ but international; claiming the attention and 
affecting the interests of prodncers and consumers, buyers and sell- 
ers, throughout the world. Its investigation becomes an indispen- 
sable adjunct to law-making, as well as to crop-growing^ commercial 
distribution^ and the daily economy of national life and labor. It is 
important, therefore, that it should possess all necessary facilities for 
the thorough and full exercise of its proper functions through the 
appreciation and aid of Congress. - 

Its international aspects are attested by the laTge increase of for- 
eign con^espondence and frequent interchange of cablegrams relative 
to the results of its work. It is called upon especially to assist in 
improving the methods of administrative statistics, relative to which 
an energetie effort is now in progress in connection with the govern- 
mental bureaus of statistics of the most advanced nations of the world. 
To this end, and for progress also in scientific statistics, an organi- 
zation was effected in 1885 of the International Statistical Institute. 
Its headquarters is in London, and its membership already includes 
57 statisticians of various countries, of whom 6 are citizens of this 
country. It seeks, among other important objects, a greater *^uni^ 
formity in the methods of compiling and abstracting statistical re- 
turns,-' with a view to a comparison of results obtained in different 
countries. The first bicennial congress of these statisticians meets in 
Europe the coming year, and the participation of this Department in 
the important work is desired and expected. 

The increase of production, as shown by statistics, has been mar- 
velous in recent years. While the number of the people in 1880 
was more than double that of 1850, the production of cereals not 
only kept pace with populations but furnished 53 bushels for each in- 
habitant in place of 38 at the eai*lier date. With an increase of 
seven millions of people in the first half of the present decade, the 
aggregate of cereals exceeded 3,000,000,000 bushels in 1885, still 
keeping up the extraordinary rate of supply attained in 1880, and 
showing in wheat a product five times as large as in 1850, and a corn 
crop nearly four times as large. The present year is one of medium 
productiveness, with less com and more wheat than in 1885, prom- 
ising nearly 1,700,000,000 bushels of corn, and something more thah 
450,000,000 bushels of wheat, a supply of the latter ample for con- 
sumption, while reserving a fourth of the whole for exportation. 
The other cereals have a medium rate of yield, the hay crop is ample, 
and the cotton product promises to be nearly as large as that of last 
year — six and a third to six and a half million bales. 

The recent extension of area and product has been remarkable, as 
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shown "by a comparisoii of the averages of the decade between 1870 
and 1880 and those of the six years of the present decade/ as follows ; 



Cereat 


1870-18T9. 


1880-1885. 


Acres. 


Bushels. 


Acres. 


Bushels. 




43,741,331 
25,187,414 
11,070,822 
1,305,061 
1,529,357 
651,104 


1,184,486,954 
312,152,728 
314,441,178 
18,460,985 
33,704,652 
9,747,272 


67,225,872 
37,147,276 
19,320,630 
2,095,438 
2,300,021 
858,313 


1,635,357,756 
446, 163,098 
517,826,035 
25,610,067 
50,829,950 
11,089,007 


Wheat. 










83,391,089 


1,87^,998,769 


128,947,550 


2,686,875,943 



The increase of production in this hrief period is over 43 per cent., 
while the enlargement of area is still greater/amonnting to 54 per 
cent. So the advance was attained in a series of years with a com- 
paratively low rate of yield, including the unfavorable seasons of 
1881 and 1883. 

The increase of wheat is seen to be more rapid than the increase 
of population, while the market for the surplus has declined, in 
consequence of the better harvests of other countries and of the 
increased facilities for handling the surplus of India and South 
America. The increase of grain-growing in South America comes 
from a strong tendency of European emigration in that direction 
and a larger use of improved implements and machines. Should it 
continue, competition with our grain fields will be still more severe. 

Accurate records of the progress and changes of production of 
minor crops as well as large products, and of changes in value as 
well, are of the first importance to rural economists^ to guide in a 
wise distribution of crop areas and in the introduction of new crops 
to fill the gaps in consumption and reduce the areas of such crops as 
may have a surplus improfitably large. 

DIVISION OF OABDENS AND GROUNDS, HORTICULTURE, ETC. 

One of the prominent duties of this division is the propagation and 
distribution of economic plants. The impression seems to prevail 
that all kinds of plants are freely distributed from the gardens, and, 
in consequence, unlimited demands are made, and requests for gen- 
eral collections of plants are of common: occurrence— requests that 
would tax the capacity of the largest nursery establishment in the 
world to fill. The impracticability, to say nothing regarding the im- 
propriety, of attempting to meet these extensive demands is so incon- 
sistent with the intentions of Congress in regard to the functions of 
the Department as to be sufficient reason for its inability to meet such 
demands. In the propagation of plants for general distribution the 
line is strictly drawn between merely ornamental plants and those of 
strictly economio value. "Distribution is ^erefore confined to the 
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latter class; and even with tMs limitation great discrimination is nec- 
essary to select for propagation only those species and varieties that 
are of special merit and such as promise to be of value to the country. 

The demand for tropical and semi-tropical fruit-bearing plants has 
been very pressing for several years from the warmer regions of Cali- 
fornia and Florida. These demands are being met so far as the means 
of the Department will permit. Observation proves that the climatic 
conditions necessary for the profitable culture of tropical plants are 
confined to a very limited area in the United States. Of course there 
are many tropical plants which produce their crops as annuals; and 
which can be profitably cultivated over an extensive area— such as 
cotton— and which only require a comparatively brief tropical season 
for their maturity. But in the case of ligneous plants which are 
perennial in their nature, the cold portion of the year, although of 
short duration, is still sufficiently severe to permanently injure them. 
The limits/ therefore, of climate congenial to the growth of the va- 
nilla bean, the chocolate plant or cacao, the coca, ery throscylon coca, 
coffee, cinnamon, nutmeg, pepper, cinchona, &c. , are not yet defined. 
In localities where, owing to a series of congenial seasons, success 
seemed certain, an unusually cold period has destroyed all hopes ; 
but this partial success is sufficient to encourage further attempts, 
although it would seem that such experiences would tend towards a 
different conclusion. 

With regard to plants of a semi-tropical nature, such as the citrus 
family, experience proves that, under favorable conditions of posi- 
tion and culture, the coldest seasons likely to pertain in orange- 
growing regions are comparatively harmless to these crops, thus giv- 
ing the industry a factor of permanency greatly in its favor. 

The Department continues to foster industries of this kind by in- 
troducing new varieties and testing and disseminating the plants. 

BOTANICAL DIVISION. 

During the past year the work of the Botanical Division has been 
conducted with good success. Large and important additions have 
been made to the herbarium, which is constantly becoming more val- 
uable as a representation of the flora of North America. In order to 
facilitate an acquaintance with the grasses of the country, a distri- 
bution of typical specimens has been, made to twenty or more of the 
agricultural colleges and experiment stations and other educational 
institutions. 

The subject of suitable grasses for cultivation in different climates, 
soils, and conditions is receiving attention from other countries as 
well as our own, and frequent applications from abroad are received 
for seeds of our native grasses for the purpose of experimental culti- 
vation. One such application has been received from the govern- 
ment botanic garden in Upper India^ where extensive tracts of saline 
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soil called " Usar land" exist. These tracts are uncultivated, and an 
attempt is being made to procure grasses suitable for cultivation on 
them. ' - 

We have complied with these requests so far as possible, but the 
difficulty of prdcuring seeds in distant localities has much restricted 
our distribution. Packages of the seeds of about thirty native spe- 
cies were sent to the different agricultural colleges and experiment 
stations for trial, and these were also sown in our own grounds, where 
most are growing and giving promise of usefulness. ~~ 

Under my direction the Botanist has spent several weeks of this 
season in an examination of the native grasses of the arid regions of 
the West. This is but a beginning in this important work, and it 
will be resumed as soon as circumstances will permit. 

The eastern limit which has been usually fixed as the beginning of 
the arid regions is the one hundredth meridian. It is said that nearly 
half of the public domain, exclusive of Alaska, lies west of this line, 
and amounts to some 900,000,000 acres. 

Much the larger part of this immense region consists of mountains 
and arid plains. A large part of the land on the Pacific coast is pro- 
ductive without irrigation, and some of the .finest lands for grazing 
purposes lie in the mountain valleys and parks where there is an 
abundant rainfall* 

The remainder of this great domain west of the line above men- 
tioned consists mainly of arid land, such as the high mesas of New 
Mexico, Western Texas, Arizona, and Southern California, together 
with the interior plains of Utah, Nevada, and Wyoming, in addition 
to those of Western Nebraska, Western Kansas, and Eastern Colorado, 

Various estimates have been made as to the amount of this arid 
land. Its various portions present great variations in the amount of 
vegetation, and especially of the native grasses which they present, 
and consequently they vary accordingly in their caiDability f or the 
support of cattle and sheep, for which purpose it was thought this 
land was alone adapted. 

There is reason to believe that the unproductive character of a part 
of this region, notably that of Western Nebraska, Western Kansas, 
and Eastern Colorado, has been greatly exaggerated, and those sec- 
tions have recently been the seat of a great rush of immigration, by 
which the larger portion of the district will be absorbed by home- 
stead and pre-emption claims for the purpose of general cultivation. 
The efforts at agriculture which have been made in this region dur- 
ing the past two or three years have been attended with considerable 
success, possibly owing to favorable seasons, but the most sanguine 
expectations are entertained by the settlers. 

Sufficient time has not elapsed to determine what may be the ulti- 
mate success of general agriculture, but there can be no doubt that 
the country is eminently adapted to pastoral purposes, and that the 
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cnltiyation of the soil and the selection of suitable kinds of grasses 
will double the capability of that country for the raising of stock a;nd 
for dairying purposes. There can be little doubt that in the area 
above referred to there are 50,000 square miles capable of being util- 
ized without irrigation,, and capable of sustaining, under proper man- 
agement, at least 50 head of cattle to the square mile, or 2^500,000 
cattle on the entire tract. By many of the residents this estimate 
would be considered much too small ; but it must be remembered 
that this estimate is based on, the cultiyation of the soil, or of a large 
part of it, and not on its use under the ranch system. 

It is probable that there are large areas of arid land where no agri- 
culturar improvement can be expected, and such areas will continue 
to be occupied as ranches for cattle and sheep. Notwithstanding the 
great development of the cattle industry during recent years, statis- 
tics show that the production of beef has not kept pace with the in- 
crease of population, and to supply the great demand for meat we 
will require not only the usual product of the ranches, but there is 
also an excellent opportTlnity; of cattle farming where the additional 
labor and c^re will greatly the supply. The great and rapid 

expansion of the country will soon require the consideration of means 
to reelaiiii and u;tili2e to the fullest extent all portions 6f the public 
territory. 

The investigations by the Botanist of thenative grassesof the arid 
plains has convinced him that there are other species than the pre- 
vailing ones which can be substituted for them with the result of 
greatly increasing the grass product. But they, as well as other 
grasses and forage plants, require to be subjected to careful and pro- 
longed trials and experiments in order to obtain proof of their relative 
values tmder the different circumstances of soil, altitude, &c., there 
existing. These trials and experiments cannot well be made by in- 
dividuals on account of the expense and peculiar skill required and 
the knowledge of the grasses and forage plants to be tested. Hence it 
is highly important that the Gf:overnment should provide experi- 
mental stations at suitable points, particularly in the interest of that: 
body of settlers who are now taMng possession of the country,^ a^ 
who will, without the aid of such information as could thus be com- 
municated, ba exposed to many losses and disappointments in prose- 
cuting agriculture under the peculiar circumstances there existing. 
As the result of these recent investigations I am led to particularly 
recommend what I consider to be a fine situation for all experimental 
grass station at the town of Wallace, in the extreme western part of 
Kansas, Here is the Government reservation of Fort Wallace, em- 
bracing a tract of 2 miles wide by 7 miles long, and including lower 
bottom land and high upland, and therefore eminently suitable for the 
enterprise. I regard the location as typical of the larger portion of 
that arid region. There are a number of buildings formerly used for 
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the military post whicli would answer all the purposes required, and a 
small stream runs througli the reservation, supplying water for stock 
and some for irrigation. A very moderate appropriation^ applied 
under the direction of this Departnient, could here be made pro- 
ductive of great good. 

MYCOLOGIGAL SECTION. 

INVESTIGATIONS OF THE FUNGOUS DISEASES OF PLANTS* 

The heavy losses sustained by the fruit-growers and farmers of the 
country on account of the mildews^ blights, smuts, rusts, and other 
injurious fungi^ — losses amounting in the aggregate to many millions 
of dollars annually— very forcibly demonstrate the importance of 
thoroughly investigating the nature and habits of these destructive 
parasites, with the view of discovering means for preventing their 
ravages. 

Early in my administration I found that the Department was in 
constant receipt of letters from agriculturists and fruit-growers in 
all parts of the country, earnestly asking for information on matters 
pertaining to this subject, and especially inquiring for remedies that 
will enable them to prevent or at least check the losses occasioned by 
these parasites. 

Memorials from scientific societies have frequently been addressed 
to the Commissioner, setting forth the importance of the investiga- 
tion of plant diseases, and strongly urging the establishing in the 
Department of a division to be wholly devoted to this work. 

Fully appreciating the value and importance of information on 
this subject, and understanding its intimate connection with the in- 
terests of horticulture and general agriculture, one of the first mat- 
ters, therefore, to which I gave attention upon assuming the duties 
of Commissioner was this question of the fung:ous diseases of plants. 
In the absence of a specific appropriation for the prosecution of this 
work, the duties involved were assigned to the Assistant Botanist, a 
person fully qualified to conduct the required investigations, and 
whose appointment was made with this object in view. 

Investigations were prosecuted with as much vigor as possible dur- 
ing the year, and among the important plant diseases that have been 
directly brought to the attention of the Department by correspond- 
ents during that time are pear blight, the fungous diseases of wheat 
and rice, corn smut, the smut of the smaller grains, strawberry rust, 
the red rust of the raspberry, raspberry-cane rust, leaf-spot disease 
of the raspberry, double flowers'' of blackberry, foot-rot of the 
orange tree, the nectria of orange twigs, orange-leaf scab, gooseberry 
blight, leaf -spot disease of the currant, black knot of the plum and 
cherry trees, apple-leaf scab and rust, the disease causing the crack- 
ing of pears and apples, peach yellows, peach-leaf curl, plum rot, 
potato scab, cotton rust, and the various fungous diseases of the grape. 
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THese have all received as mTLch attention as tlie time and means 
at command would allow. Concerning all the diseases here named 
there remains more to bo learned than is now kaown. The life his- 
tory of these disease-producing pests has for the greater part yet to 
he traced. Careful and long-continued observations, both in the field 
and laboratory, will be required to accomplish this, but such work is 
necessary if we wish to make intelligent application of remedies to 
combat these evils. We have to learn how these fungi are distrib- 
uted, how they come upon or. enter the plants they infest, what phases 
of developmeiit they pass through— phases often more complicated 
than the transformation of insects and far more difficult to trace; 
and, finally, how they maintain their existence during the season of 
winter. This work has been accomplished in only a very few cases. 

From results obtained, however, and from other sources of informa- 
tion received during the administration of this branch of the Depart- 
ment, we may safely assume that the value of the corn and wheat 
annually destroyed in this country by diseases induced by fungi is not 
less than $200,000,000. The potato rot, so destructive in wet seasons, 
caused a loss in 1885, in the chief potato-growing States, of from 10 
to 40 per cent, of the entire crop. The grape vine is particularly sub- . 
ject to the attacks of fungi. Scientists have described over 200 spe- 
cies found upon this plant alone. Some of these, as the mildew and 
black rot, are particularly destructive, so much so that grape-grow- 
ing has ceased to be profitable in many localities once noted for their, 
production of this fruit, and hundreds of acres of vineyards have 
been rooted out simply because of a lack of information respecting 
the nature and habits of these parasites and the means to be employed 
in preventing their ravages. The rust of the cotton plant is another 
fungous disease that causes incalculable loss to planters of the cot- 
ton-growing States. The orange interests in Florida are seriously 
threatened by the fungi that attack this tree, over 100 species of 
which have been figured and described by European mycologists. 
The apple tree hasits peculiar and destructive parasites, and so have 
the pear, the peach, the plum, the quince ; and so also have the small 
fruits, as the raspberry, blackberry, currant, and strawberry ; ;nor 
are our garden vegetables, nor the plants we cultivate for ornanient 
or shade, more exempt than others from the ravages of these diseases. 
• While this branch of investigation could not be prosecuted more 
than superflcially, owing to the want of funds, yet it is gratifying to 
note that an encouraging result has followed. 

During the early part of the present season circulars were distrib- 
uted to all parts of the country, for the purpose of gaining a more 
exact knowledge of the range and extent of injury occasioned by the 
fungous diseases of the grape, and material was collected and plates 
of illustrations prepared for a special report on this interesting and 
important subject. Circulars were also sent out proposing for trial 
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certain remedies believed to be of value in combating tbe grape mil- 
dew and rot. The preparation of the report here referred to is now 
engaging the attention of the Mycologist. 

In accordance with my recommendations to committees of Con- 
gress, a small appropriation was granted the Department f or enlarg- 
ing the scope of this investigation. This has enabled me to place the 
work in the immediate and full charge of a_ special agent, to procure 
such assistance as was imperatively necessary and to infuse vigor 
into the work. - - - 

A consideration of the above facts will satisfy the most casual ob- 
server that the field for labor is a large one and the difficulties con- 
nected with the work of investigation necessarily render it slow of 
results, but the great practical value of these results when attained 
will, I am sure, more than warrant the labor spent upon them. If, 
for example, through these investigations we learn how to effectually 
prevent the leaf rust of the cotton plant or the yellow;s of the peach, 
the value of such a result would be so much out of proportion to the 
aggregate of the entire annual appropriation made to the Depart- 
ment, that the latter would sink into insignificance. 

I have submitted an estimate for the thorough prosecution of this 
labor, and I trust that the matter will receive its due consideration 
at the hands of Congress. That the agricultural public is interested 
in the work is amply attested by correspondence already at hand, 
and that it commends itself to the scientific thought of the country 
is proven by the following resolutions, which I beg leave to present. 

At the meeting of the American Pomologicai Society at Grand 
Rapids, Michigan, it was unanimously resolved— 

Tliat tMs society heartily commends the action of CommM^^ of the 

United States Department of Agriculture, in the appointment of a person to inves- 
tigate the diseases of plants, and desires to assure him of continued support in his 
eifort to develop this new line of work in the Department. 

At the meeting of the Western New York Horticultural Society 
it was resolved — 

That the Western New York Horticultural Societyy believing that one of the 
pressmg needs of the horticulturist is more reliable and complete inf ormation re- 
garding the hosts of microscopic foes, especiaUy parasitic fungi, which beset our 
cultivated plants, and which annually entail a loss to the country of many miUiona 
of doUars, desires to give to the Commissioner of Agriculture its hearty assurance 
of support m his efforts to build up a section of mycology which shall be suitably 
equipped for the difficult investigations that this subject demands. 

The following was received from the Botanical Club of the Amer- 
ican Association for the Advancement of Science: 
The honorable Commissioner of Agriculture : 

The members of the Botanical Club of the American Association for the Ad- 
vancement of Science, recognizing the importance of the movement so hapnilv in- 
augurated by you whereby provision ha^ been made for the investigation of plant 
diseases, would hereby assure you of their hearty support in all your efforts to pro- 
cure the necessary meaais for carrying on the work proposed. 
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Finally/ tte practical issue of all these endeavors cannot fail to 
have its effect ill all the ramifiGations of important branclies of trad© 
and commerce, and the subject is commended as worthy of the most 
careful deliberation. . ; ^ 

-FORESTRY. - -"^ 

I desire again to refer in strong terms to the urgent needs of the 
oountry for a changed forest policy and the requirements of the De- 
partment for a proper prosecutioii of needful investigations into the 
subject of forestry. While I have made only the usual estimate of 
110,000 for the continuance of the division, I consider this amount 
below the actual requirements for a line of workwhich^ if it is to be 
done at all under Government control, recommendation, or advice, 
should be pursued in a manner adequate to its importance to the 
nation at large. - ' 

While, from the experience of the Old World, we may learn the 
effects of recklessness and waste, and the necessity of a rational for- 
est policy, yet with our different system of landholding we cannot 
expect to adopt their plans of administration. While from European 
forest management we may learn the principles underlying forest 
growth and forest management in general, with our different forest, 
flora, and different- climatic conditions we shall have to work out our 
own systems of management. This requires painstaking and sys- 
tematic study and inquiry at the hands of experts conversant with 
forestry principles and forest conditions. The Department should be, 
placed in position to employ and pay liberally the very best talent on 
these subjects which the country affords. . 

Begarded simply from a business point of view, the forestry prob- 
lem is growing every year in importance and urgency as the - forest 
area is diminished by both legitimate and reckless denudation, and 
it should be an object of serious concern to the Government to insure 
continuity of supply of raw material to a lumber industry represent- 
ing a capital invested of not less than $200,000,000, not to speak of^ 
the many minor necessities of a wood supply for railroad building, 
manufactures, and domestic purposes. Figures are at hand to prove 
that this supply mus^t be waning. 

Practically there is in the United States no forest reproduction 
attempted or forest planting done worth mentioning, in comparison 
with the enormous annual consumption of forest products. 

Of still more momentous bearing upon tihe welfare of the country 
are the effects upon climatic and agricultural conditions caused by 
improper deforestation. 

The influence of the forest cover on water supply has become espe- 
cially noticeable in those districts whioh, like Eastern Colorado and 
Southern Galifornia, are dependent for their agricultural success upon 
irrigation, and where a diminution and irregularity of the wonted 
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water Supply has gone hand in hand with the havoc and desolation 
wrought in the mountains ad joining by reckless denudation. 

The scientific data so far at hand to establish this inter-relation of 
forest cover and water supply will be reviewed and their application 
to the particular conditions of our own country discussed in a special 
report of the Forestry Division, 

While, through publications from this Department and other 
sources, through agitation and discussion by societies and newspa- 
pers, a better knowledge of the condition of our forests has been 
gained, and through representations of the experience of older na- 
tions, the importance of the subject of forestry and the dangers result- 
ing from its neglect are appreciated by a larger number of people than 
formerly, yet it camiot be said that we have come very much nearer 
to a practical solution of the problem. Meanwhile the difficulties in 
its solution are increasing as time goes on. 

As a first step of ref orm undoubtedly the land policy of the United 
States in the timbered regions requires, a change according to the 
changed conditions of those localities. A state of affairs which allows 
railroad companies, miners, prospectors, and settlers to cut timber 
on the public domain as their wants require, without any proper 
supervisiouy without proper opportunity of acquiring either material 
or timber land "by purchase, holds out a premium for fraud, theft, and 
immorality. The inadequacy of the force to prevent depredations 
and to enforce existing laws is productive of the most reckless devas- 
tation of these mountain forests, while the value of timber destroyed 
by fire in one year in Colorado alone would suffice to pay a force of a 
thousand forest guards. 

Besides the good example which the Government may set in taking 
better care of its own timber lands, it might appropriately extend its 
operations, by planting on a large scale, in bodies of several contigu- 
ous sections, in the treeless States and Territories of the West. 

The military reservations in those. States, owned by the General 
Government, would form a most desirable field of operation. Only 
by such extensive planting can a desirable modification of the ex- 
tremes of climate on the Western plains be expected. 

If, as seems contemplated by Congress, the so-called timber-culture 
act should be repealed, I would suggest that this be not done without 
in some way making proper provision for timber planting on home- 
stead entries. More good is to be expected from such planting, where 
the owner is near at hand to watch and give needed cultivation, than 
in the case of timber-claim planting, which/to a large extent, has 
been practiced, it is alleged, for mere speculative purposes. 

The newly appointed chief of the division was sent by me to in- 
spect the tree planting in Kansas and Nebraska, and his observations 
will enable me to give much needed information to the Western 
planter in regard to methods of forest planting. 
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Tiie division, Mtherto witli e^^^^ means for sucli 

work, has attenipted mainly to ^^^^^^^^ statistics and compile data 
from home and foreign sources, mth the purpose of ascertaining onr 
actual forest conditions and reqnirementsV and to acquaint our people 
with the significance and the importance of our forests, and by pre- 
senting the experiences of foreign nations and their methods of forest 
administration to awaken an interest in arid to popularize the sub- 
ject of forestry. 

This class of work, which has been vigorously prosecuted during 
the year, will be brought to a close by a series of special reports, 
illustrating the relation of forestry to certain industries directly de- 
pendent on forest supplies and of ten involving large forest tracts; a 
fact which ought to dictate a more careful policy with regard to fut- 
ure supply. These are, notably, the railroad and mining companies, 
charcoal manufacturers, &c. 

These reports have been written by experts, and, besides their gen- 
eral interest, will be of value to the particular industries to which 
they refer.; . /; = - ' - 

A new line of work has been beguii during the year by the study 
of the biology of our most important timber trees. Before we can 
advise as to the treatment of a given species we must know its nature, 
life history, and behavior under various conditions. ' I am gratified 
at the w:illingness with which able botanists in various parts of the 
country have undertaken these special biological studies, which will 
eventually form the basis of future American forestry. A tabular 
classification of the economically important flora, manuals on willow 
culture, and other subjects directly bearing on American forest prac- 
tice are in preparation. 

To bring the educational institutions into sympathy with the for- 
estry movement, and to interest them in forestry matters, the public 
school organizations of several States have been invited to co-operate 
in gathering the forestry statistics of their localities, and schedules 
for phenological observations have been distributed among the agri- 
cultural colleges and several thousand private observers. 

The requirements of experimentation and distribution of seeds and 
seedlings, as provided in the appropriation bill for this division, could 
not be fulfilled at all, or only very partially, for lack of adequate 
funds. 

The liability of tree seeds to deteriorate when kept, and the diffi- 
culty of handling most of them by inexperienced planters, makes 
this manner of supplying material a doubtful aid to tree planters. 
The distribution of seedlings, on the other hand, requires a more 
systematic and organized arrangement than the present funds of the 
division will allow. 

Both the requirements of experimentation and aid by supply of ma- 
terial, as well as instruction in the art of forest planting and man- 
/aAa.— 86 
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agement, could be admirably complied witb in connection "witb sucli 
plantations by the General Government, as heretofore suggested. 

Several States, notably New York, OMo, Colorado, and California, 
recognizing the value of their forests, have instituted commissions 
or boards of forestry, with a view of at least protecting what remains 
from useless*destruction. Besides the National Forestry Congress, 
which continues in its deserving missionary work, several State for- 
estry associations are endeavoring to create a public sentiment in the 
interest of forest preservation. Theseendeavorsare worthy of encour- 
agement, and this Department- should be authorized in its discretion 
to extend aid to such boards of forestry and to societies by the publi- 
cation of their proceedings or in other ways. 

With the increasing interest in forestry the correspondence of a 
technical character is constantly growing, and this work of giving 
information and advice alone consumes a considerable amount of time> 
and requires better office facilities than it has been possible to pro- 
vide without curtailing other work. 

It will appear from these statements that the work of this division 
ought to grow in importance as well as in scope; but that, in order to 
do the work required for a country with such a vast area, such a great 
diversity of climate, soil, and conditions, such immense variety of for- 
est flora, more adequate means must be provided, if it is to be more 
reliable, more exhaustive, and of more practical value, or a direct 
benefit to our people. If forethought is the root of statesmanship, 
here indeed is a worthy field for its exercise ; for the interests of for- 
estry lie in the future rather than in the present. It is for future 
generations rather than for our own that we must be wise in dealing 
with this problem, and the time for dealing with it is now, when 
f avorable conditions are not yet entirely lost, and while it is still pos- 
sible to avoid the disastrous effects of a policy of unconcern. 

PEED MVISION. 

In the Seed Division much attention has been given to improved 

methods for handling, storing/ ventilating, testing, and distributing 
the large quantity of seed received. 

The detailed report of the divisioi will show that, aside from the 
usual diBtribution to miscellaneous applicants, a regular system of 
distribution has been begun to experiment stations and agricultural 
colleges and to agricultural societies. In view of the fact of imper- 
fect returns relative to the adaptation of new and valuable, seeds to 
the various localities, I have prepared suitable circulars, asking for 
more definite and full information from the directors of experiment 
stations, agricultural colleges. State boa.rds of agriculture, agricult- 
ural societies, and individuals who are interested in experimental 
work. The responses received at this date indicate that the plan will 
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be successful, and that valuable practical information •mil thus be 
secured for diffusion among the people. 

Of the new and valuable seeds introduced from foreign countries 
which have been distributed during the fiscal year ending June 30^ 
some of which are likely to proye of great value to the agricultural 
interests, are several varieties of Eussian forage plants and forest* 
tree seeds, and several of wheat from Southern, Central, and North- 
ern Europe, Increased attention has been given to the distribution 
of native and foreign plants. An earnest and measurably successful 
effort has been made to distribute seeds in the special localities to 
which they are best adapted. 

This Department is in receipt of numerous letters from the direct- 
ors of agricultural experiment stations expressive of their satisfac- 
tion at the hearty co-operation now existing between the Department 
and themselves in regard to present system of distribution, by which 
they are the first to receive seeds of new and rare varieties, and of 
the good results to the country at large that will surely be realized 
therefrom. 

Justcause of complaint has heretofore existed that the seeds de- 
signed for distribution in the Gulf States and California have been 
received at too late a date for the customary time of planting. To 
remedy this, the putting up of the seeds designed for general distri- 
bution has been begun at a much earlier date than usual, and suffi- 
cient additional storage has been provided for the seeds that are ready 
for mailing, . ^ 

Eecognizing the fact of the tendency to overcrop and exhaust the 
soil, and that comparatively little attention is paid by very many 
farmers to either the preservation of the fertility of the soil or to 
the proper care and selection of seed (both being direct causes of a 
continuously diminishing average yield), it becomes necessary, for 
the welfare of the nation, that the General Government, which is 
largely based on its agricultural resources, should lend its influence 
in remedying this evil, so far as it is possible, by the diffusion of in- 
formation bearing upon these topics, as well as by the importation 
and interchange of seeds of a high grade of productiveness that will 
tend to increase the annual average yield. 

To show the extent of the distribution of seeds alone and its pos- 
sible value in increasing the total annual production, and indirectly 
the prosperity of the people, it may be stated that for the fiscal year 
ending June 30, 1886, there were sent out from this Department 

4267,165 packages of seeds, embracing vegetable, flower, field, text- 
ile, &c. ' 

^ Another evidence of the improvements introduced into this divis- 
ion is the attention now given to the nature of the soils and the cli- 
matic differences and the better adaptation of the seeds to special 
localities, and also in the fact that every effort consistent with the 
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conditioiLS still imposed upon me lias been made to secure from those 
who receiye the seeds more accurate and reliable reports as to their 
practical value to American farmers.- 

MICROSCOPICAI. DIVISION. 

The recent enactment of a United States law regulating the man^ 
ufactnre and sale of oleomargarine has operated to increase the work 
of this division. Many letters have been received and answered by 
the microscopist from scientific men, professors in colleges, universi- 
ties, and experiment stations/ as well as from editors of scientific and 
literary publications, and especially from those engaged in the dairy 
interests of the country, asking for such information as may be of 
value in relation to the best methods of detecting butter substitutes. 

During the current year the division has made over one thousand 
examinations of pure butter^ of butter substitutes, and of the fats of 
various animals. The Microscopist believes that every statement 
heretofore emanating from this division is amply confirmed by the 
results of his investigations during the present year relating to the 
crystallography of the fats of animals and plants, and particularly with 
regard to the views advanced in his former report, that the fats of 
various animals yield typical crystals, which may at once be distin- 
guished from one another. In the production of these typical crys- 
tals the respective fats are subjected to a simple uniform, treatment. 
While nearly all the fats are composed of palmatine, stearine, and 
oleine, they contain these glycerides in greatly varying proportions, 
and there may be other considerations, as yet unknown, which con- 
tribute to the remarkable diversity seen in the composite fats of dif- 
ferent animals. Many specimens have been mounted and sent to the 
various agricultural colleges and experiment stations. A large num- 
ber of photographs representing the diverse character of the typical 
fatty crystals have also been made and distributed to scientific men, 
the object being to demonstrate that the fat of one animal may be 
easily distinguished, within certain limits, from that of another. 
Over one thousand specimens of fats, including the butter of noted 
breeds and various compositions of oleomargarine, have been made 
during the current year and results noted. 

Preliminary experiments have also been made in testing butter with 
relation to the effects of silo feed, grass feed, dry feed, &c. It is the 
opinion of the Microscopist that there are strong indications that 
within certain limits the butter crystals are a^ffected as to their form 
and density by the breed and character of food. 

Butter is being prepared at present by prominent dairymen and 
farmers of several States who have especially fine breeds of cattle 
with a view to having microscopic observations made in regard to 
this question. Photographs, exhibiting modifications of the butter 
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crystals under the varied conditions mentioned, will be employed to 
illustrate the subject in the anniial report of the division. 

This is believed to transcend in importance all others whose inves- 
tigations have been imposed upon the division, and much study and 
time have therefore been devoted to it. As the investigations are 
completed the Microscopist will give his attention to the adulteration 
of other -food supplies, as also to an examination of certain fibers, &c. 
The results of these will be embodied in a future report. 

POMOLOGICAL DIVISION. 

Another subject which I last year commended to your considera- 
tion has, I am glad to say, received, that recognition from Congress 
which it has long deserved, and I have been enabled to establish dur- 
ing the year a Pomological Division in this Department. , 

The satisfaction of many leading thinkers with this departure has 
been generously expressed, not only through correspondence, but 
through offers of hearty co-operation in the methods employed to es- 
tablish the division in a proper way. It is too early in the history of 
the division to enumerate definite results, but there is every prospect 
that, if properly encouraged, we shall be able to furnish the country^ 
and especially its pomological and horticultural industries, with i^- 
f ormation of value. The United States contains some of the largest 
and best adapted fruit-producing regions of the world. Farmers 
everywhere are beginning to give thought to the necessity of diver- 
sification, and naturally a fruit orchard suggests itself as the fit suc- 
cessor of those crops which year after year have been exhausting his 
soil and lessening his annual profits more and more. The all-impor- 
tant step to the thoughtful farmer, then, is necessarily the first one. 
What can science and the latest results of experience and information 
teach him in the matter of adaptation of fruit trees to particular soils 
and climates? This is what the division will endeavor to undertafee 
to set forth. Different pomological experimenters, as well as agri- 
cultural colleges, have generously offered their grounds and per- 
sonal labors to assist in any experiments that may be instituted. 

We may also make an investigation relative to foreign fruits, and 
the probability of their successful importation and development in 
American soil, to meet the deniands of local markets; we may as- 
certain the habitat of every fruit now known, and in diverse ways 
assist an industry whose annual product probably represents a value 
of 1150,000, 000, and is an important one to the United States, Our 
people need to plant intelligently, as well as to reap intelligence 
through public schools, and it is just as much the province of the 
General Government to assist them in one as in the other. Horti^ 
culture is elevating in all its tendencies, and, by advancing and pro- 
tecting and promoting this and other branches of agriculture, our 
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people will advance in those patlis wMcli will lead to moral and in- 
tellectnal and prosperons citizensMp, 

DIVISION OF ECONOMIC ORNITHOLOGY AND MAMMALOGY. 

The investigation of tlie economic relations of birds was begun July 
1, 1885/as a branclt of the Division of Entomology. On the 1st of 
July; 1886, pursuant to an act of the Forty-ninth Congress, the scope 
of the work was enlarged, and it was made an independent division, 

for the promotion of economic ornithology and mammalogy, an in- 
vestigation of the food habits, distrihution, and migrations of Forth 
American birds and mammals in relation to agriculture, horticulture,, 
and forestry.'' / 

^ The work of the division consists in the collection of facts relatmg 
to the above subjects, and in the preparation for distribution among 
farmers and others of special reports and bulletins upon birds and 
mammals which affect the interests of the farmer, and also upon the 
migration and distribution of North American species. In this way 
it is hoped to correct the present widespread ignorance concerning 
injurious and beneficial effects of our common birds and mammals, 
and to prevent the wholesale destruction of useful species now go- 

ing on. . 

At the outset it was seen that two birds pre-eminently claimed the 
immediate attention of the division. The so-called English sparrow 
{Passer domesticus), and the bobolink, or rice-bird {DoliGhonyx ory- 
zivorus)^ 'bj their numerical abundance, the extent of the damages 
they were said to cause at certain times of the year, and the wide- 
spread difference of opinion in regard to their economic status as a 
whole, demanded searching and systematic investigation • hence, they 
kave been made subjects of special research. 

THE fiNGUSH SPAEEOW (Parser dom^sficws.) 

Questions relating to the English sparrow were contained in the 
frst circular on Economic Ornithology, issued by the Department (in 
July, 1885). Subsequently these questions were amplified, and dur- 
ing; the current year a special circular and schedule were prepared^ 
Upwards of 5,000 copies of which have been distributed. To date re- 
plies have been received from about 2,500 persons. They -contain 
a vast amount of valuable information, which is now being collated 
far publication. In order to be able in future years to determine 
the rate of spread of the sparrow over regions which it does not 
now occupy, the Department has undertaken to ascertain, with as 
much precision as possible, the exact limits of its distribution at 
the present time, and hopes to show the same by means of a colored 
map in its forthcoming bulletin on the spari-bw question. In addi- 
tion to the material collected by the Department of Agriculture, the 
American Ornithologists' Union has turned over to the division the 
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results of its inYGstigations on tke eH^^ or ineligibility of tte 

European Kousa sparrow in America. TMs material has been since 
Gollated and arranged by Dr, F. H. Hoadley, wbo^ from interest in 
the snbject, kindly volnnteered his seryices. 

i!EE BOBOLINK, OR mcB-BiRB (DoUchonyx oryzivorous). 

Early in the progress of the work it became apparent that^ if any 
credence was to be placed on the testimony ofpersons interested, the 
bobolink^ or rice-bird, mnst be regarded as one of the most destructive 
of birds. Hence a special circular to rice growers was prepared^ and 
copies were sent to all planters whose addresses the division was able 
; to secure. The replies received were so startling in the magnitude 
of the losses they revealed, that it was thought advisable to make a 
thorough study of the. whole subject of rice culture, and to investi- 
gate on the spot the manner in which the ravages were committed, 
in the hope of devising some means, compatible with reasonable 
economy, for lessening their extent. With this object in view the 
Assistant Ornithologist, Dr. A. K. Fisher, was sent on an extended 
tour through the rice-growing- districts of the Southern States, from 
Charleston to New Orleans. His investigations were carried, on in 
the spring, at and shortly after the time of planting. At harvest- 
time in the fall the chief of the division. Dr. 0/ Hart Merriam, vis- 
ited the rice fields of portions of South Carolina and Georgia, -and 
witnessed in person the destructive ravages of the birds at the height 
pf the season. Furthermore, to render the investigation still more 
complete, the Department has employed a special field agent, Col. 
Alexander Maobeth, whose headquarters are at Georgetown, South 
Carolina, in the very heart of one of the largest rice-growing dis- 
tricts. The results of these investigations will be given in full in the 
forthcoming report of the division. 

The work of the division has not been limited to the. study of the 
English sparrow and bobolink. Circulars of inquiry have been issued, 
and a large amount of inf orrnation has been accumulated concerning 
the food habits of various birds and xharamals^ with special reference 
tb those of decided economic importance. Among these may be men- 
tioned the hawks and owls, the crow, the various blackbirds, the 
gophers, and the small mammals which prey upon poultry. 

For the purpose of positively determining the exact character of 
the food habits of birds at different times of the year the division has 
made a collection of their gizzard and stomach contents. In this un- 
dertaking it has been aided by ornithologists throughout the country, 
many of whom have made large contributions, thus doubly utilizing 
birds killed for strictly scientific purposes. 

From a scientific as well as a practical point of view the work here 
undertaken cannot fail to prove of great value, and I recommend a 
continuanoe of the encouragement which Congress has already given 
for the thorough study of this interesting subject. 
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LABOEATOEY. 

I shall ask Congress at the forthcoming session to provide means 
for the erection of a new chemical laboratory, apart from the main 
building of the Department, in order that the latter and its occn-* 
pants may be removed from the annoyance of offensive odors and 
dangers from combustion which now continually surround them. 
The present laboratory is now in the basement of the main building, 
in quarters illy fitted for the purpose, neither being fire-proof nor 
healthful. The building is of a highly inflammable character, and 
no better argument ought to be necessary. Indeed, within the past 
two weeks an explosion took place there which set a portion of the 
laboratory on fire. The flames werB f ed in every direction by chem- 
icals and oils, and but for the timely forethought of an assistant the 
entire building would undoubtedly have been destroyed, together 
with books and records, whose loss would be incalculable. Congress 
should regard this warning and provide suitable and safe quarters 
for this, one*of the most important divisions of the Department. 

lEBIGATION. 

Upon assuming my duties as Commissioner I found a comprehen- 
sive examination going on into* the subject of irrigation. While it 
was necessarily abandoned for a time, I am glad to be able to report 
that I have since been able, though working with reduced appropria- 
tions, to complete this work, which must prove of unusual interest to 
those who can only successfully till the ground by means of this aux- 
iliary force. Congress has already called for the manuscript, and it 
will be submitted at the opening of the session, 

DAIRY. 

The operations of the dairy branch of the Department have been 
continued during the year, and it has published a special report, which 
is being widely disseminated. It is hoped- that the publication and 
distribution of this report will be suifieiently encouraging to those 
engaged in the dairy industry to induce them to continue to keep 
this branch of the Department informed of its condition and needs. 

TOBACCO CULTURE. 

At the request of a correspondent the Department undertook to 
secure, through the kindness of the State Department, specimens of 
tobacco leaf and tobacco seed, as well as short articles upon the cul- 
tivation of the crop, from every quarter where the plant is grown. 
The responses of the consuls have been generous and very satisfac- 
tory. The seed has been placed in the hands of careful cultivators 
with the view to improvement of our own seed^ and the varioua arti- 
cles received wiU be prepared for a forthcoming report. 
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THE GOVERNMENT TEA FARM. 

A great deal has been said and written in recent years relative to 
the cultivation of tlie tea plant and the manufacture of its leaf into 
tea upon a practical and comnierciar hasis. The Government has 
appropriated for the last eight years an aggregate of $38,000 to en^ 
courage the industry. With the desire to thoroughly test the ques- 
tion a so-called ''tea farm " was leased some years ago by a predeces- 
sor, and a plantation of tea seed and young plants inaugurated. 
Active efforts in this direction were soon abandoned, and since that 
the farm has been used simply as a distributing center for those who 
wished the plants for trial. But it should be borne in mind that this 
farm was not established for the distribution of plants. The original 
design was to test there the culture of the plant and the manufacture 
of tea as a commercial and profitable enterprise. The Department 
had long previous to its establishment given its opinion that tea 
culture, so far as the plant was concerned, presented no cultural or 
climatic diflSculty, and had encouraged the cultivation of the crop as 
a domestic industry. It had distributed; plants for years with that 
view, and with that view only, believing that tea culture as a profita- 
ble and cpmmeroial industry could not be encouraged, because there 
could not be found any foundation to Encourage capital to develop 
the enterprise* After these years, and at a considerable expense, the 
Department is confirmed in its original belief. Congress has pro- 
vided for the closing out of the interests of the Governmecat at its 
tea farm, and .1 can see no reason to doubt its wisdom. The farm 
will be abandoned and revert to its owner, according to the terms of 
the lease* with the beginning of the new fiscal year. 

STORM AND FLOOI) SIGNALS, 

Petitions have been received at the Det)artment for many yearsy 
and are still coming in, with relation to the establishment by the 
Government of a system of signaling by cannon, from central sta- 
tions, to announce the approach of storm, flood, or frost. It seems 
to be the general belief among planters and farmers that such cen- 
tral stations could be established at the post-office or other place 
under Federal control, and that^ cannon and other field pieces belong- 
ing to the Government, now happily in disuse, could thus be utilized 
in the avocations of peace. The expense would be trifling when 
compared with the benefits to be derived in many sections. 

I would recomme that, a few stations be established, under the 
direction of the Chief Signal Officer, for the purpose of testing the 
plan proposed. 

COTTON INDUSTRY. 

In accordance with a recommendation of my last report, Congress 
"has provided for the printing of a report of an elaborate investiga- 
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tion into the sulDject of American wool. This report is now in press, 
after several years' delay^ and will soon be ready for distribution. 

Pending the investigations incident to the j)reparation of this re- 
port experts and rnannf actnrers hecame acquainted with the general 
character of the results embodied therein, and this knowledge pro- 
duced a demand for similar information relative to cotton. In res- 
ponse to such demand from various sources the Department in 1883 
and 1884 caused to be collected for investigation a series of samples^ 
as follows : 

(1) Cotton produced under different known conditions of seed, 
soil, climate, and culture in all parts of the great cotton belt of the 
United States. 

(2) Representative cotton from the different commercial grades of 
the several cotton markets. . 

(3) Cotton from different stages in various processes of mahu- 
facture. 

The material thus collected was to be used in the careful exami- 
nation of the external characteristics— the length, fineness, strength, 
and elasticity — ^upon all of which the value of the staple evidently 
depends. 

This examination was begun and carried along in connection with 
the final work of examination of wools, using the same apparatus and 
similar methods, and in all about $5,000- expended upon it. In view 
of the results thus far obtained and of those that may yet be secured, 
as well as of the expense already incurred, it seems eminently desira- 
ble that this investigation should be completed and the information 
developed published at once. 

The information already obtained is volum.inous, but I am sorry 
to say is incomplete, and cannot be published until a large number 
of tests are made. The work would no doubt be of inestimable 
value both to the producer and consumer of this important staple, 
and they are entitled to that benefit which was designed for them 
when the work was instituted. I am assured the investigation can 
be completed for $7,500, and I commend the proposition as worthy 
of considerj,tion by Congress. 

INVESTIGATIONS ABROAD. 

I have referred in a former portion of this report to my inability 
to meet emergencies for specific investigations which naturally can- 
not be anticipated and the expense annually estimated. The Depart- 
ment is continually in receipt, through, tlie State Department and 
other sources, of invitations and urgent requests for American rep- 
resentation at foreign exhibitions and enterprises of various kinds. 
The amount of information to be gleaned by the attendance of in- 
telligent representatives and specialists at these various centers for 
observation and learning could be made of lasting benefit to our own 
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people. It ongM to be borne in mind tbat tbe official reports, when 
there are sucbj are not written from an American point of view, and 
hence the practicability or impracticability of propositions or ma- 
chinery as applied in this country is never set forth. The f onnda- 
tion of the prosperity of this conntry rests upon agriculture, and the 
greatest success of agriculture will came from an intelligent applica- 
tion of those practicarmethods which are the result of the combined 
thought and experience not of America, but of the world itself. Our 
people, competing as they do in foreign markets, ought to have the 
advantage of every avenue which promises the latest information 
relative to foreign needs and foreign The information 

should be collated and compiled by the best of our specialists. Faint 
efforts have been made in the past to gather such information; and 
while the result has been more than commensurate with the expense 
incurred, yet there has always been the attending and humiliating 
embarrassment of a lack of funds, and the work therefore more or 
less circumscribed. 

The Department has no recourse but a uniform declination to all 
these requests for conference and interchange of thought between the 
Bpeoialists of the two hemispheres. I believe that some action should 
be taken at once in this matter. National pride alone should dictate 
a different policy than that heretofore pursued. If there be fear in 
any quarter relative to an abuse of such a provision of law, a com- 
mission might easily be established, to be composed of different offi- 
cials, to pass upon the necessity or desirability for an investigation 
in the directions to which I have alluded. . 

DEPARTMENTAL REPOBTS. 

The reports of the Department consist of annual, monthly, and 
special volumes upon the various subjects with which it deals. The 
demand for this agricultural literature is annually increasing, and 
the record of the folding-room of the past year shows that the num- 
ber of volumes distributed among the people has been greater than 
ever before in the Department's history. 

The Annual Report of 1885 has been printed during the current 
year, by ordar of Congress, 310,000 copies in number, of which 28O5- 
000 are held for distribution by Senators and Members of the House 
of Representatives, and 30,000 copies assigned to this Department. 
Reports have been printed by the Department as follows : 

DIVISION OF STATISTICS— HEW SERIES. 

Ko. copies 

: : ; : printed, ^ 

No. 25. Eeport on the crops of the year and on freight rates of transpor- 
tation companieSi December, 1885, 65 pp. , octavo . . . . ...... 15,000 

No. 26. Report upon the numbers and values of farm animals, on the cot- 
ton crop and its distribution, and on freight rates of transpor- 
tation companies. January and February, 1886. 56 pp., oc- 
tavo ....... . . ............ ... ... .> . . . .... .... ......... ... . ... 15,000 
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y No, copies 

printed. 

No. 27. Eepofft on the distribution and consumption of corn and wheat, on 
the production , of European wheat, and on freight rates of 
transportation companies. March, 1886. 49 pp. , octavo . ..... 15,000 

No. 28. Report of the area of winter grain, the condition of farm animals, 
and on freight rates of transportation companies. April, 1886. 
61 pp., octavo.. ..... ... ................................. 15,000 

No. 29, Report on the condition of winter grain, the progress of cotton 
planting, and on freight rates of transportation companies. 
May, 1886. 48 pp., octavo,. . . . ... . ...................... 15,000 

No. 30, Report of the acreage of spring wheat and cotton, the condition of 
winter grain, and the world's supply of wheat, with freight 
^ rates of transportation companies, June, 18B6. 45 pp. , octavo. 15, 000 

No. 31. Report on the area of corn, potatoes, and tobacco, and condition of 
gTOwing crops, and on freight rates of transportation compa- 
nies. July, 1886. 45 pp., octavo.. ..15,000 

No. 32. Report on the condition of growing crops and on freight rates of 

transportation companies. August, 1886, 52 pp., octavo, . ... 15, 000 

No. 33. Report on the condition of crops in America and Europe and on 
freight rates of transportation companies. September, 1886. 
56 pp., octavo........ .... ............................... 15,000 

No. 34. Report on condition of crops, yield of grain per acre, and freight 
rates of transportation companies* October, 1886. 89 pp., 
octavo. 15,000 

No. 85. Report on yield of crops per acre and on freight rates of transpor- 
tation companies. November, 1886. 72 pp., octavo, . 15,000 

ENTOMOLOGIOAL PIVMION. 

Bulletin 9. The Mulberry Silk Worm, beinga manual of instructions in silk 
culture. By O. V. Riley, M, A., Ph. D., Entomologist. Sixth 
revised edition, with illustrations. 65 pp., octavo 3, 000 

Bulletin 11. Reports of experiments with varioixs insecticide substances, 
chiefly upon insects affecting garden crops. \ ilade under the 
direction of the Entomologist. ^4 pp. , octavo. . ... . .... . . 3, 500 

Bulletin 12. Miscellaneous notes on the work of the division for the season 

of 1885. Illustrated. 47 pp., octavo ........................ 1, 500 

Insects affecting the orange. Report on the insects affecting the culture of 
the orange and other plants of the citrus family, with practical 
suggestions for the control or extermination, raade under the 
direction of the Entomologist. By H. G, Hubbard. With 
plates and wood-cuts. 227 pp. , octavo . . /. . . ... . . . . . . ..... . . . 1 ,200 

CHEMICAL DIVISION. 

Bulletin 7. Methods of analysis of commercial fertilizers. Proceedings of 
the Association of Official Chemists. September 1 and 3, 1885. 
By H. W. Wiley, Chemist. 49 pp., octavo. ................. . 1, 000 

Bulletin 8. Methods and machinery for the application of diffusion to the 
extraction of sugar from sugar-cane and sorghum, and for the 
use of lime and carbonic and sulphurous acids in purifying the 
diffusion juices. By H. W. Wiley, Chemist. 85 pp., octavo, . 5,000 

Bulletin 9. Third report on the chemical composition and physical prop- 
erties of American cereals, wheat, oats, barley, and rye. By 
Clifford Richardson, ABsistant Chemist, 83 pp., octavo. ... 2,000 
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Ko. copies 

, printed. 

Bulletin 10. PrinGiples and methods of soil analysis. By Edgar Richards, : 

Assistant Chemist. 66 pp^, octavo . . . . . . .... . . .... ....... S,000 

Bulletin 11. Report of experiments in the manufacture of sugar at Magnolia 

Station, Lawrence, Louisiana, season of 188o-'86. Second re- " 
port. By Guilford L. Spencer, Assistant Chemist. 36 pp., oc- 
tavo. — s,oop 

Bulletin 12. Methods of analysis of comidercial fertilizers. Proceedings of 

the third annual convention of the Association of Official Agri- - 
: cultural Chemists, August 26 and 2T, 1886. By H. W. Wiley, 

Chemist. 59 pp. , octavo. 2, 500 



BOTANICAL DIVISION, 

Bulletin 1. Report of an investigation of the grasses of the arid districts of 
Kansas, Nebraska, and Colorado. By Dr. George Vasey, Bota- 
nist. Prepared under the direction of the Commissioner of 
Agriculture. 46 pp. , octavo. . , . . . , 5, 000 

MISGELLANEOTJS EEPOETS, 

Special Report 10, A descriptive catalogue of manufactures from native 
woods, as shown in the exhibit of the United States Department 
of Agriculture at the World's Industrial and Cotton Exposition 
at New Orleans, Louisiana. By Charles Richards Dodge. 84 ' 
pp.,octavo. ......... . — ...... 10,000 

Report on the Conditioh of dairying in the principal dairy States for the 
season of 1885, By Allen Dodge, Dairy Division. 35 pp. , oc- 
tavo. ......... 8,500 

In conclusion, it gives me pleasure to state that the satisfactory 
record, now completed, of another year in the history of this institu- 
tion is due, in a great measure, to the cordial co-operation and hearty ' 
sympathy of those having charge of their respective divisionsj; and 
also to the intelligent^ zealous, and faithful performance of the duties 
imposed upon the clerks and employi^s. The Department, under 
these influences^ has made one more step in advance and toward 
whatever future the legislative branch inay lay out for it. 

Very respectfully, your obedient servant, 

- NORMAN J. COLMAN;' 

Gommissionev of Agriculture. 
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Sir: In accordance with yonr request I herewith su^ , 
annual report. So far as I have:heen able I hare endeavored to aid 
you in complying^ with the spirit and letter of section 527 of the act 
of Congress creating the Department of Agriculture, which provides 
that/Vthe purchase and distribution of seeds shall be confined to such 
as are rare- and uncommon to the country, ov such as can be made 
more profitable by frequent changes from one part of the country 
to another, * * . * and to promote the general interest of horti- 
culture and agriculture throughout the United States." 

By reference to the tabulated statement with which the present re- 
f)ort is concluded, it will be seen that, aside from the usual distribu- 
tion to members of Congress and miscellaneous applicants, a regular 
system of distribution has been begun to experiment stations, agri- 
cultural colleges, agricultural societies, and to graduates of agricult- 
ural colleges who are now engaged in farming. The reports usually 
received from those to whom the seeds have been sent bein^ as a 
rule not only exceedingly limited in number but somewhat imper- 
fect, so far as they relate to the adaptation of new and valuable seeds 
to the various localities to which they were sent, it was deemed advis- / 
able to issue circular letters of inquiry with the view of subsequently 
tabulating the replies for publication in the annual reports. The 
responses received at this comparatively early date indicate that the 
plan will be successful, and the amount of practical information for 
use in the annual reports of this division will eventually be greatly 
' increased. . 

In addition to the reports from experiment stations, agricultural 
colleges, and agricultural associations on seeds sent out by this divis- 
ion, I also present a condensed report on grasses, grains, and vege- 
tables from States and Territories. While in some instances these 
reports are not as full as could be desired, they indicate to some ex- 
tent the result to be attained when the system is further perfected. 
Some of the reports received were valueless on account of the f aillire 
to give names of varieties. 

An earnest and measurably successful effort has been made to dis- 
tribute seeds in the special localities to which they are presumably 
the best adapted. The directors of many of the agricultural experi- 
ment stations have expressed themselves as being well pjeased with 
the hearty co-operation now existing between experim^t stations 
and this division of the departmental service. Good results are likely 
to accrue to the agricultural interests of the nation, particularly when 
the present system of reports of experiments shall be still further . 
perf ected. The special study of the needs of the various sections to 
which the seeds are sent has proved to be a very essential part of the 
wbrh to be performed, since it is a well-known fact that although 
some seeds do well in one locality and under certain climatic condi- 
tions, they prove to be utterly worthless in others, 
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Witli the view of obviating one of tHe just causes for complaint 
as to the quality and vitality of the seeds distributed by the Depart- 
ment/ a system for the testing and examination of all seeds before 
payment is made for them has been adopted. A test of the germi- 
nating qualities of the seed is made in what is known as the ^'De- 
partment seed-tester," and under the most favorable circumstances 
in the propagating-houses in the Department grounds. By means of 
this double test, errors are avoided, and no seedsman or grower of 
seeds has yet questioned the conclusions arrived at by those having 
this matter in charge. The testing apparatus consists of a heavy 
block-tin pan, 17 inches in length, 12 in width, and 2f in depth. 
This is painted inside and out. Inside of the top of the pan are 
grooves, in which a thick paixe of glass is placed for a cover when 
needed. Along the inside of the sides there is a ledge or projection 
half an inch in width, 2 inches from the bottom, upon which the ends 
of the brass rods, 1 If inches in length, rest. Fifty of these are suf- 
ficient. The rods are required to support the y-shaped pockets, which 
extend across the pan, and are made as follows: Take two strips of 
muslin, each lOi by 2i inches. On one edge of each make a hem -^^ 
of an inch in width. Stitch the two pieces together H inches from 
the unhemmed edge, and pass the rods through the hems. Cover 
the bottom of the pan with tepid water to the depth of half an inch, 
or enough so that the lower edge of the muslin is immersed, and the 
eloth. is kept moist by capillary attraction. The seeds to be tested 
are aocurately counted and placed within the muslin trough and 
moistened, and the exact time noted.; The pan is then covered and 
placed in a position affording the requisite warmth. From time to 
time the process of germination is observed, and when a sufficient 
period has elapsed the gerrainated seeds are counted and the rela- 
tive number of sound and unsound ones determined. The average 
_ germination of all seeds accepted was 93 per cent. When the per- 
centage in those varieties which are somewhat difficult to germi- 
nate approximates 75 to 85 per cent, the seed is regarded as being of 
sufficient value to warrant its purchase and distribution. In the tests 
of flower seeds the percentage usually ranges from 75 to 80 per cent. 
During the past year a considerable quantity of seed has been re- 
turned to the growers because of its lack of freshness and vitality. 
Without the proper appliances for testing the seed several thousand, 
dollars' worth of seed might have been put up and distributed by the 
Department, which would have been justly blamed therefor. 

THE SEED DIVISION LIBRABT. 

The library now includes a complete list of the Reports of the De- 
partment of Agriculture, and an index to them, up to the present 
timei Also, the latest reports of the secretaries of the various State 
boards of agriculture, as well as those of the experiment stations in 
the States and Territories. : \ " \ .:. .. . 

IMPROVED METHODS OF PISTEIBUTION. 

The efficiency of the work in the Seed Division has been materially 
increased by clearly defining the diities of my assistants and exact- 
ing strict attention to the details of the work to be accomplished. 
As a result, the large and varied assortment of seeds whi<5h had been 
put up and labeled and made ready for the beginning of the special 
and general distribution early in December last, and the various^seeds 
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now being put up, are more eqiially clistribnted, and in mucli greater 
variety, than has jieretof ore been attainable. This is important, as, 
in justice to the members of Congress, statistical correspondents, and 
others, the distribution should include the largest number of vai-ie- 
ties possible. By the present method not less than thirty additional 
varieties are now systematically sent into each Congressional dis- 
trict, which is a matter of no little importance, as the greater the 
number of varieties the greater is the possibility of widely dissemi- 
nating such seeds as are * ^rare and uncommon,^' or, to say the least, 
of determining their adaptedness to the locality. It is a well-known 
fact that if some kinds of seed are not changed, the crop will soon run 
out. This fact is true of grains, but applies to a larger extent to gar- 
den vegetables. The thousands of letters received during each year 
and referred to the Seed Division are ample evidence that such is the : 
fact. The testimony as to the value of the seeds distributed during 
the past fiscal year has been both general- and emphatic. For in- 
stance, Maj. H. E. Alvord, director of the Houghton Farm experi- 
ment station, in a report to the Department dated May 4, 1886, says: 

The seeds received this season, as a whole, for the first time Qince my experience; 
with the Department, answered the definition of new and useful. 

REPORTS OF EXPERIMENT STATIONS, AGRICULTURAL COLLEGES, 

AND ASSOCIATIONS. 

ALFALFA. ■ " 

Colorado Agriciiltw^al College : Reports alfalfa an entire success. 
If the land is kept well irrigated two crops can be taken the first sea- 
son, yielding three and four tons to the acre. The second season three 
cuttings can. be made, yielding seven tons per acre. This year the 
second crop grew 42 inches in thirty days, so thick and heavy one - 
could not walk through it. When once well rooted it appears to be 
an impossibility to kill it. Plowing it under, like clover, only makes 
it grow better. ; After having been plowed under and the land sowed 
to oats, 3 tons of alfalfa per acre were cut after 42 bushels of oats per 
acre had been harvested. Wheat, corn, and potatoes are raised with 
excellent success after plowing it under, and without interfering with 
the stand of alfalfa the next year. Of the clovers, alfalfa will always 
head the list in this region. In some respects it is unec[ualed, as it 
has unrivaled vigor of stem and root, the latter qualification enabling . 
it to survive our seasons of scantiest VN^ater supply, which the grasses 
will not do as a general rule, an irrigation in the fall being a desira- 
bility and often a necessity to insure their wintering safely, and this 
in some seasons might prove to be impossible to accomplish, owing 
to lack of water in our streams, especially if a lai-ge area had to -be 
irrigated, : . - 

Indiana Experiment Station : Alfalfa does well, but must be sown 
in drills to secure a stand. In the western part of the State it is not 
considered a profitable crop. _ 

Louisiana^ Saint Helena Parish :: M did well on dry, good ^ 
land. 

Michigan Agricultural College: Alfalfa does well on dry upland, 
but does not get a good stand until the second year. Clover is con- 
sidered better in a rotation of crops. ■ 

Missotiri Agricultural College: The soil in this section is not 
adapted to alfalfa. In the southern part of the State it is a success. 
^ 4 AG.— '86^ 
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Nebraska IndustrM^^ CoWeg^ ; The seed was sowm brcm^ ana 
failed to maintain itself agm 

New York Experiment Sto^io?i ; Alfalfa is a snccess. Four crops 
per year can be cut. At HongMon Farm, sown broadcast, it failed 
to start soon enoiigh to keep ahead of tlie weeds'. - - Sown in drills Jnne, 
1885, and thoronglily cultivated throngli the season, it was in bloom 
May 15, 1886, and gave a fair crop. About 25 per cent, of tlie area 
winter-killed; the remainder was 1-J- feet high/ with rather wiry stems, 
at time of cutting. - : - ■ « 

Pemisylvania State (7oZ/ege; Alfalfa set well the'first year, and 
grew sufEciently to yield several fair cuttings. Height when in 
bloom, 21 inches. Experiments to be continued. 

South Carolina Experiment Station: Reports alfalfa as thoroughly 
adapted to the soil and climate, and considered a most valuable for- 
age plant. : / -■ ■ 

Texas Ag7-icidtural College : AlMlsi does well only on rich land, 
and IS a good crop. In Gonzales County it does well^ and is the most 
valuable feed grown there; also in Travis Countyv 

- BABLm (Melon). 

Georgia, Clay County : This barley makes good winter pasturage. 

Indiana Experiment /Sia^io^i ^ Helbn barley is ilot considered su- 
perior to native barley. : 

Missouri Expef'iment Station r This Y9.rietj'd^ well. Gave a 
nice bright barley; long heads and plump grain, 

Nebraska Agriciiltiiral College : It failed to maintain itself against 
weeds. : — ^ " 

New York Experiment Station : Eeports the Melon" barley mnch 
later than the commoil barley. Hot considered "valuable. Houghton 
Farm reports a fair crop of plump bright kernels. 

Pennsylvania State College: 'Ylm variety of barley grew well 
early m the season. Yield was about the average of common barley 
Height, 36 inches; length of head, 5 inches. It suffered some from 
smut. . .\. :v -.v, ^_ v. 

BARLEY (Imperial.) " 

New^ York, Monroe County : Imperial barley yielded^ well: a fine 
heavy berry. 

GhOY^'R (Alsike), 

^Connecticut Experiment Station: AJmke is considered a valu- 
able crop. 

Colorado Agricultural College : Als^^^^ is admirably adapted to 
our low alkaline lands, where alfalfa would not grow, 
plinf "^^^^^^^^^'^ >Ste^^o^^ ; Aisike valuable chiefly as a honey 

^ Michigan. Agricultural College : Aisike falls dowir- too easily to 
be popular for hay. It is a good honey plant. 

Nebraska Agricultural Gom^^^ and failed 

to maintain itself against weeds. ^ - _ 

New York Experiment ^^o^ • -Aisike succeeds well here and is 
a valuable crop. At Houghton Farm it is successful as a forage 
plant; one ot the finest clovers. It was well in bloom 75 davs from 
sowing, ^ 
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Pennsylvania State College : AlB^kQ set well, but the yield was 
mnch less than that of alfalfa or of common clover. Sown on calca- 
reous clay soil . ^ Experiments will be continued. 

Sonth Carolina Experiment Station : Plants succumbed to the 
sun. ■ 

CLOVEB (itfeZiZote aZ&a). 

Indiana Experiment Station: This clover is valuable if cut. and 
fed green. 

Iowa Experiment Station : The seed was sown broadcast in well- 
prepared black loam. Produced one mowing this dry season. Plants 
appeared healthy all through a protracted drought* Hogs ate the 
freshly cut clover with avidity. 

Louisiana^ Catahoula Parish: "R^^oTi^ this clover as growing 
well and a good honey plant, 

MassachusettSyEussey Institution : This plant grows well even on 
poor land. A good honey plant. 

Michigan Agricultural College: Melilotus alba thrives wherever 
sown. A good honey plant. 

Missouri Agi^icultural College: It did nicely, giving sti^ong, 
healthy plants, whose roots found their way into our stiff subsoil. 

NehrasT<)a Agricultural College : li idb\\.Q<i io YegQt^^ 

New York Experiment Station: A very good bee food, but cattle 
have a decided distaste for it. 

Pennsylvania State College: li grew well in height, but Spread 
only moderately well. Will experiment further. 

South Carolina Experiment Station: This clover is an admirable 
crop, like the alfalfa. Thrives and flourishes in wet and dry weather* 

JAPAN CLOVER (Lespedeza striata). 

Louisiana, Saint Helena Parish: This clover does well, 

CORN.-; 

Connecticut Agricultural College: /Re^ortQ the Early Concord a 
valuable variety. . -. - 

Colorado, Jefferson County : Reports the Egyptian Prolific not as 
good a variety for that section as the "White Australian. 

Louisiana, Tungipahoa Parish: Egyptian Prolific does well here. 

Te cas^ Oonzales County : Egyptian Prolific grows well and yields 
abundantly. 

Pennsylvania State ^ College: The Little Willis was very late in 
its development and failed to come near maturity. 

Virginia^ Spottsylvania County : White Giant JTormandy is a 
splendid variety ; large, deep grain, flinty, and very prolific. 

COTTON. 

Arkansas, Arkansas County : J ower-s lmpYOYed did not do well. 

Shine's Early Prolific is a good cotton ; bolls well and good staple. 

Georgia, Clay County: Jower's Improved is one of the best. 

Tenriesme, Shelby Coimty : Jones^Q Fvoli&c, and Zelmar, cluster 
varieties, good, but not equal to the Peterkin in yield. 

Taxas, Gonzales County : Bagley's Prolific did well. 
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GRASSES.. 

Golorado Agricultural College : Of the_ native grasses sent here 
for trial I have no hesitation in saying that v/ith bnt few exceptions 
they are worthless for purposes of cnltivation in this region. The 
kinds I would except are Phleum alpinum (native timothy), 4<7^'0- 
pijrum-glaucum {mue condensatus {vje-gTSLSs), Dey- 

euxia canadeiists (mountain blue- joint). The best of these is blue- 
stem, our best native upland hay. 

The species worthy of trial that occui- in this region, in addition to 
those just mentioned, are Ehjnuis canadensis, 

toot {Androjyogonprovincialis), and A.scoparius', Fanieum virga- 
tum, Ghrysopo^on mton^ (Indian grass, wood-grass) and perhaps 
MxMenhergia glomerata, What is espeaiaily desired for this region 
is a good pasture grass. If alfalfa did not bjbat cattle and horses we 
might look no further. Of the species not native to this region, we 
know of nothing -^hat comes so near meeting this want as orcliard- 
grass. The best tame grasses for this region are tall mea,dow, oat, 
orchard, and timothy, with tall fescue- worthy of further trial. 

Indiana Experiment Station: Festuca is^ valuable both for hay 
and pasture. - 

Louisiana y Saint Helena Parish : 'R^mwQ and Bermuda do well. 
- Nebraska Agricultnral Gollege: Grasses from Texas all failed here 
except Fanieum Texanum, which made a fair growth, "but being an 
annual, cannot compete with perennial grasses. " 

Tennessee Experiment Station, KnoxviUe: Re-p^ 
pidata a good grass. Foa Nevadensis, like bluergrass, a good grass. 
Mixed seed from Colorado, fine in texture, good lawn grass. In Shelby 
County, Kentucky blue-grass will grow, but is not a success, except 
in a few yards. ; 

Virginia, Spottsylvania (7o^(l^/1'/ .• The- Department lavm-gi^^ 
seed aid splendidly, and makes a fine appearance, notwithstanding, 
the dry weather. 

mil^m {Golden), 

Louisiana, Tangipahoa Farish : Eeports golden millet as growing 
finely and a fine forage crop. In Saint Heilena Parish it also does 

well.:.- ■ " " ^ : ; ■ / / . ^- V ' 

Louisiana, East i?o^ige ; Australian millet is a. success, ; 

Tennessee, Shelby C^oi^m^ ; Golden millet does well/\ . . ^ 

MUSKMELON (^ama^)^ 

Indiana Experiment Station: This is an excellent melon as grown 

here,:/^ , = ^^^^ ^ ^ ; ■ - 

ReiD York Experiment Station: The plants made a vigorous 
growth, but no fruit ripened. - - , . .. 

Tennessee Agricultural College : Did not fruit. - 

oats; 

Indiana Eocperiment Station : Reports the White Victoria as onlv 
medium. - 

^Kentucky,Vhristian County : White Victoria and Harris both 
yield well. Valuable. 

Louisiana, Tangipahoa FarishT: The Early Burt is the earliest and 
best and is rust proof . ' 
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Mississippi, La Fay ette County: Burpee's Welcome does not suc- 
ceed here. Tlie Early Burt is a success. 

Missouri AgricMltural College: White Vi ctoria gave a tall, 
branched/ very white, heavy oat, of medium size; loromises well. 

Nebraska Agricultural College : White Victoria sown broadcast 
failed to maintain itself against weeds. 

Neio York Experimental Station : White Victoria medium good. 
Very closely allied to the Welcome, differing only in time of matu- 
rity. - 

Houghton Farm : White Victoria gave a fine crop of plump, heavy 
oats in' well-branched heads. Straw leafy and fairly tall. 

Fennsylvania S'iafe OoZZege; White Victoria a good variety; 
plump and heavy grain. A more valuable oat for this locality than 
the Harris, notwithstanding the earlier maturity of the latter. 

Tennessee Experiment Station^ Knoxville: Vs^hite Victoria did 
not succeed. 

Virginia, Spottsylvania County : Riissian oats made a fine yield; 
evidently could be profitably grown here. 

Color ado Agricultural College: From this seed over 2,000 plants 
were raised and set out in the open ground; 55 of the rhost promis- 
ing were saved for trial another season. Nearly all the plants bore 
some tubers, but only such as bore tubers of fair size, close in the 
hill, and with a moderate amount of haulm, were thought worthy of 
trial again. The weights of such varieties as were weighed varied 
from 3 ounces, the lowest, to 4 pounds II ounces, the largest yield 
from one plant. 

Connecticut Experiment Station : The potato seed produced small, 
well-shaped tubers. At the Storrs School they produced remarkably, 
some of the tubers being as large as small hens' eggs. They are pre- 
served for planting next year. 

Massachusetts, Bussey Institution: Eeports potato seed planted 
at Pembroke, The experiment was a great success in spite - of : 
drought. Some of the tubers grew to be as large as a man's fist. 

Michigan Agricultural College : The potato seed gave a bountiful 
harvest of tubers. We have a half bushel of these, which we shall 
test further. 

- Neio York Experiment Station: ''Pringle's Hybridized" potato 
seed grew well. Will test further. 

Houghton Farm : Potato seed gave a fair crop of small tubers of 
the most diversified characteristics, which promise some very inter- 
esting results from future crops, 

Tennessee Experiment Station : About two quarts of small pota- 
toes; shall experiment further. 

PYRETHBUM BOSEUM. 

Connecticut Experiment Station: Seed of this j)lant was sown in 
1884, bloomed in 1885, and then died. 

Michigan Agricultural College: The seasons are too cool and 
short for the profitable growth of this plant. 

New York Experiment Station : The plants grew well, blossomed, 
and some of them matured, their seed. 

Pennsylvania State College : Did not bloom. 
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RUSSIAN FOR&Cpi PI^Nm ; / / 

Colorado Agricultural College : leradella forage plant imported 
from Rnssia is too slow of growth in this region to he of any agri- 
cnltnral value, 

Spergula rnaxima: Thi^ plant, like the last, lacks the vigor to he 
of value here. 

Puff Bean: This forage plant from Rrissia is of extremely vigorous 
hahit^ even on the thinnest soils, and is perhaps worthy of further 
trial: It very closely resembles the English broad bean {Fata vul- 
garis), 

Jaegar bean: This bean resembles the test very closely and is of 
equally vigorous habit; Hogs ate both plants, with aYidity. - : 

Yellow lupin: Sheep-fodder from Eussia. A plajit of medium 
vigor, and, like all thelupins, impatient of much irrigation. Would 
have but little value in competition with more vigorous species. 

Ftcia m7Zo5a.- Sheep-fodder from Russia. Height abou.t 3 feet. 
A vigorous grower; foliage abuiidant; flowers purple. Worthy of 
further trial. ; 

Dakota Territory, Grant Courity: The Vicia villosa i^-w^W suited 
to this climate and soil. 

Indiana Experiment StaMon : Reports the Vicici viE^^ as the 
only variety that proved of value. The drought affected the others. 

Iowa Experiment Station: Reports as follows: Vicia villosa, two 
plats, each 4 by 12 feet, were sown' May 5. A thin stand s^^ 
The growth was slow during May and Jujie/ - July and August be- 
ing exceedingly dry but little growth was made,, though the plants 
remained healthy, and when the fall rains came on they continued 
their growth somewhat. The plants began flowering May 26, and 
continued in flower as late as October 16, Stood in the plats 20 inches 
high, but the scandent vines were much longer. Probably not over 
a ton and a half of dry fodder was produced per acre, 

leradella: This variety, sown May o, on May 22 was just starting; 
,on J uly 3 was 5 inches high and blossoming ; on August 7 it was four- 
teen inches high and was mown. The second growth stood 4 inches 
high August 21 and was beginning to blossom. Blossoming con- 
tinued until October 2, when the plants stood 8 inches high. Plants 
resist considerable frost. 

Spergula maxima : Sown May 5, came up May 13, a^ graw vig- 
orously ; June 12 it stood 14 inches high and. was in bloom. It; was 
sown so thick that the plants were much crowded. 

Iowa, Kossuth County : ISTone pi'omise well except the Blue lupins, 
which survived the drought and made a tremendous growth after the 
fall rains. 

Michigan Agricultural OoZ/ege ; AH made a fair growth for the 
season, which was very dry, and seem promising enough to warrant 

furthertriah ' 

Missouri Agricultural College : The Puff and Jaegar beans were 
not a success here. Ftc^V^ ^'^7to.sa perfectly sm 

very promising- plant. - 
Neiv York Experimeiit Station : IsTone of these seem adapted to 

the soil - ; 

Houghton Farm reports as follows: 

leradella: Growth small; kept fresh and green, despite the drought, 
until after several hard frosts; eatm eagerly by cows; might prove 
a good grazing plant* 
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Spergulo. maxima : Growth not large exioiigli for profit. 
Vicia villosa : Made liixiiriant growth, bloomed and seeded; should 
be a good soiling crop when sowed with rye. Eaten eagerly by cows. 
Jaegar bean: Capable of prodnoing a heayy crop per acre. 
Puif bean nearly the same. 

Blue and Yellow lupins did not do well. On account of heavy 
rains in May the ground was very wet, and these seeds were not sown 
■until June 8; hence the growing seasoh previous to the drought, 
which set in early in August, was short. The whole lot of plants 
completed their growth under exceptional conditions, and some of 
them were doubtless dwarfed by the severe drought, which continued 
until after the crop was gathered. 

New.Jersey, Salem County: Vicia villosa and leradella did not suc- 
ceed well. Spergula maxima grew very well and would yield a large 
amount of fodder. It does not stand up well, which is a disadvan- 
tage. The plat was mown pretty close June 19, and all but a little 
around the edges was killed out by the drought. A few plants in the 
bordei^s show that it resists quite severe frosts. 

Puff bean was planted in drills about 1 foot apart May 3. Began 
to blossom June 9, and continued until July 3. Plants stood 33- 
inches high. In July and August the plants suffered considerably 
from drought. A rather small crop of beans was produced. Would 
doubtless do better in this climate in a more favorable season. Some 
seedlings that have come up since the fall rains show that this bean 
resists frost almost as well as red clover. 

Jaegar bean: Sam^e report as puff bean, except that these seemed 
less affected by the dry weather. 

Blue lupins: Two small plats were sown May 5, in drills about one 
foot apart, and cultivated with the hoe. Blossomed about July 3. 
August 7 the plants stood 35 inches high and appeared promising. 
They were much reduced in size by the dry weather. 

Yellow lupins: Eep)ort the same as in Blue lupins, except that 
they measured but 19 inches August 7, when in blossom. 

Pennsylvania State College: None of these did well except Vicia 
villosa ; that grew luxuriantly, and was stilh blossoming after severe 
- frost. Cattle ate it with avidity when in the fresh state. 

Texas, Limestone County :_ The sheep-fodder and hog-bean are a 
valuable addition to our forage. 

Virginia /Hampton School: Made a fine growth, but not thought 
superior to the black or cow pea for this locality. 
: Virginia, Spottsylvania County : Sheep-forage made a fine yield, 
and is valuable. 

BO^Qlimi (White AfHean). 

Indiana Experiment Station : Reports this variety only medium, 
Missouri Experiment Station : It did admirably. 

SIKMR/BEET.. 

GonnecUmt Experiment Staiion: Mangel-wurzel is preferred 
here to the sugar beet for stock. 

Georgia^ Clay County : It succeeds well, and is good feed. 

Kansas y Ellis County ; The sugar beet succeeds well. Root crops, 
such as beets, rutabagas, mangel-wurzel, &c. , are valuable on ac- 
count of not being liable to injury from insects, which frequently 
entirely destroy other field crops. 
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Louisiana Exper-iment Station: Sugar beets grew very large. 
Tlie largest sugar content was July 13^ ^^^^ 

Louisiana, CataJioula Parish : The sugar heet was a success. 

Massachusetts J Bussey Institution : This beet did well at_ Pem- 
broke.; 

Mississippi, La Fayette County : It did weU,; yielding bpiintif ully, 
. " TEOSINTE. . 

Louisiana, East Baton Eouge Parish : Reports teosinte planted 
too late to mature seed. ISTo vember 8 , height 10 feet. Put forth from 
20 to 40 stalks from the first stalk. If it can be planted early enough 
to mature seed will be one of the finest forage plants grown here. - 

Louisiana^ Tangipahoa Parish : It made a wonderful growth; 
stock very f ond of it. 

Lousiana, Saini Helena Parish : Teosirite bids fo^i^ make one of 
our best forage plants, and will ripen seed if planted by March 1. 
Gives three to four cuttings. 

Mississippi, La Fayette Oj^unty y prolific forage 

plant I ever saw. ; : " ■ : - : 

TexaSy Limestone County : If planted very early, the teosinte is a 
most prolific and valuable forage plant here. - - 

Tennessee, Shelby County : It did not succeed well; perhaps was 
planted too late;- still have hope of itv 

TOBACCO. 



Colorado Agricultural College : Nine varieties of tobacco from 
the Department of Agriculture were grown the past season. The 
seed was sown in a mild hot-bed April 27, and ti'ansplanted to open 
ground June 1, not a plant failing to grow. Our notes on these va- 
Mcties are as follows: 

_ Vuelta Aba jo: This variety is a vigorous grower/ Leaf smooth; 
shape, ovate-lanceolate; greatest length of leaf, 85 inches; width, 20 
inches . It is a late variety, and did not ripen well. - - - - 

Eigi Orinoco: Leaf coarse; shape, lanceolate; greatest length of leaf/ 
34 inches; width, 15 inches. This variety ripened and colored a deep 
yellow. 

Caboni: A dark green, rough leaf when growing, which cured into 
a reddish-brown; greatest length of leaf, 33 inches; width, 13 inches. 
Quality good. ; v ^ . 

^ Big Orinoco : Has a rough, dark leaf when growing, which did not 
ripen thoroughly; greatest length of leaf , 38 inches; width, 20 inches. 

General Grant: Leaf rough and crimpled; shape, ovate-lanceolate; 
greatest length of leaf, 38|- inches; width, 17 inches. Much like 
Golden Leaf in flavor, color> and desirability. 

Hungarian: This variety cured a light yellow leaf of mild flavor; 
longest leaf, 34 inches; width, 15 inches. 

The experiment with this-plant is not yet complete, as the leaf needs 
more age before one can sp^ak defihitely as to thie desirability of these ^ 
varieties for this region and as to the quality ^f the tobacco grown. 

Competent judges, however, at this stage of the experiment, speak 
favorably of the burning qualities and flavor of the kinds grown, so 
that another season's trial, and with early maturing varieties, would 
settle the question of the i)i'ofitable culture of the tobacco plant in 
this State. . 
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Parts of Colorado would seem to possess some positive advantages 
over the Eastern States in the culture of tobacco, and these are: 
first, a long dry season, insuring the ripening of the latest kinds; sec- 
ond, the presence of irrigation, enabling us to set out plants at the earli- 
est possible moment and insuring a perfect stand; and, third, the ab- 
sence of fall rains would assure to us the perfect curing of the leaf . 

Tennessee Experiment Station^ Knoxville: Big Orinoco very- 
good. White Burlej very good. Gooch's Broad-leaf fine; leaves 
18 inches long and 9 wide. 

Virginia, Hampton Normal School ; Gonnecticut-seed Leaf made 
a fine growth; rather coarse and heavy in quality. 

TEEB (Tartarian maple), 

Colorado, Jefferson County : Made but littlegrowth; seemstender. 
Indiana Experi7nerit Statio7i : J)i^^ 

Michigan Agricultural College: It makes a desirable ornamental 
shrub here. 

Missouri Agricultural College : It is not entirely hardy here. 
Texas Agricultural College : The plants summer-killed. 

TURNIPS. ; 

Connecticut Experiment Station : All the varieties of field turnips 
did well and proved distinct and valuable. 

Indiana Experiment Station : Purple Top Strap-leaf is the best. 
Milan Strap-leaf next. The Garden Rose did not do well. 

Lotiisia^nay Tangipahoa Parish : All the varieties of turnip did 
well. 

East Baton Rouge Parish : Eeports all the turnips as doing well— 
better than any other raised there. 

_ La Fourche Parish : Reports the Purple Top as giving excellent 
results, although the weather was exceedingly dry. 

Massachusetts, Bussey Iristitution : The turnips all did well at 
Pembroke. 

NeiD Yorky Monroe Coiinty : ThQiuTui-pByrQ^^ Did well 

in the hands of five or six parties. 

Texas, Limestone Coiirdy : T^ success, especially 

the Purple Top. 

Tennessee Experiment Station : Great Southern Prize good for. 
greens. - Purple Strap-leaf very productive and keeps well. White 
Norfolk Extra very productive. Red Top Globe best of all far qual- 
ity and productiveness. AH the turnip seed was sown August 15 
and turnips gathered November 4. 

Tennessee, Shelby County : Garden Rose and Milan Strap-leaf extra 
good. , 

WHEAT. 



MicJdgan Agricultural College : Reports that the imported varie- 
ties— Genoese, White Crimean, Eg^tian, and Indian— grew vigor- 
ously in the fall, but were not sufficiently hardy to withstand the 
winter. The Extra-Early Oakley also proved too tender for this lati- 
tude. The Diehl Mediterranean is a bearded variety, having heads 
about 3 inches in length. The straw is long and strong, being about ; 
4 feetin length over the whole plat; no smut or rust; B to 6 stalks to 
the stool; thick on the ground; ready for harvesting July 1, the berry 
being plump and hard. McGliee's' White shov/ed some rust on the 
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leaves, and a good many stalks were cut down by the "flyf" no 

smnt, t)iit ripened nneyenly. : _ . ' 

Missouri Experiment Mafion: Meports the Grimeaii a coarse 
wheat, mostly winter-killed. The plants sa,Ted made a grand head 
to look upon— long; full, and evidently very proiific, hut a large, 
coarse wheat. The Indian and Egyptian wheat all winter-killed. 
The Diehl Mediterranean stood the winter well and gave a good herry, 
hut ripened late. The Genoese was a failure, giving a very poor re- 
turn. The McGhee White gave a moderate yield of a most beautiful 
wheat, of light color, with a glazed or pearly luster. Ripened J une 16. 

Nebraska, Fmvnee Ooimty : Th&^^^^ 

New York Experiment Station: Diehl Mediterranean is well, 
adapted to this climate. Martin's Amber is first-class.; Genoese, 
White Crimean, and Egyptian are failures as winter varieties and of 
no value as spring varieties, the grain not maturing sufficiently. The 
last is not the true Egyptian wheat (Tr^iicim . 
positum): This variety has a simple panicle- the true Egyptian 
wheat, as usually understood^ has a composite head, according to all 
authorities. 

Pennsylvania State College: 'Be-povtB eight varieties sown side by 
side. From observation taken October 31, 1885, the White Crimean, _ 
Genoese, and Egyptian were doing excellently. The Indian did not 
come up well. Ail the imported varieties winter-Mll^^ The expos- 
ure was somewhat exceptional, it is true; nevertheless they seem too 
delicate for our winters here. At the same date (October 31) it was 
noted that the McGliee and Early Oakley had a good, deep color, and 
were well advanced. The Diehl Mediterranean had an excellent color, 
was well stooled, and taller than either of the other American varie- 
ties. Martin's Amber was inferior in color, and not very well stooled. 
The final height attained by all these varieties was. about 4^^ feet. 
The straw seemed nearly alike in stiffness. The Diehl Mediterranean 
was the only one bearded. The yield from one quart of Beed was: 
McGhee, 22 pounds; Extra-Early Oakley, 22 pounds; Diehl Mediter- 
ranean, 60 pounds; Martin's Amber, 13 ounces. All suffered consid- 
erably from the fiy." We are trying the first three American varie- 
ties again. 

South Carolina Experiment Station: Reports the Extra-Early 
Oakley a very early variety • yielded an excellent crop; an admirable 
variety for this latitude, and much valued. Yielded about 20 bush- 
els per acre, McGhee's White— another excellent variety, a week 
later than the Oakley, yielded well; a good Southern wheat. The 
Diehl Mediterranean— an excellent bearded variety, rather late, but 
made a fine yield. The Four-Rowed SheriflE— too late for this lati- 
tude. The Egyptian, Crimean, and Indian varieties were all kilfe 
by cold. Martin's Amber was about half killed^ yield unsatisfactory. 
These varieties were all drilled and cultivated; alb fertilized alike 
and closely observe'd. 

Virginia, Hampton School : The Red Mediterranean seems to be 
the only wheat that is at all sure here. 

REPORTS mOM GOBRESPONDENTS \ 

- ALABiMAr ■ ; ■ v ■ ' ; 

Grasses and forage plants: Grasses are Tery little grown in Northern Alabama, 
but we badly need something that will afford good pasttire. Crab-^Tass grows in 
abundance, and makes excellent hay. Alfalfa does well, but very little is planted. 
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Our most popular grasses are clover, orchard, herd^s or red-top, Texas blue, and 
Bermuda. Kaffir com grows vigorously, producing a mass of foliage of rich deep- 
green color. It continues its growth till frost, and successfully withstands drought. 
It produces, besides the mass of foliage, an immense crop of seed, exceeding in 
yield per acre the Millo maize. It is quite promising as a source of coarse forage, 
as well as for grain for stock. 

Gi^ain: Our most popular grains are corn, wheat, oats, barley j and rye. We usu- 
ally commence planting corn the 1st of March, which makes large,- heavy ears. 
Corn is planted from March to June; oats, corn, wheat, and rye for seed are best 
for, this climate if raised south of Tennessee^ If raised north of the Ohio River, they 
will not succeed well. The Fultz, Early Red May, and Mediterranean wheats are the 
best varieties in Northern Alabama. Very little wheat is sown, as it is almost in- 
variably injured by rust. We need a rust-proof variety adapted to our climate. - 
Red rust-proof oats, one of our best varieties, are sown from November to March. 
Barley grows finely on rich land, and small grains yield more abundantly when 
sown in October. 

; ' ./^ - ■ " "ALASKA. ,; 

Grain: The land laws are such that the privilege of acquiring a title to land is 
expressly denied, hence there is no encouragement to agriculture on any extended 
scale ; otherwise it is believed cattle-raising, at least, would be largely foUowed. 
The shores are never covered for any length of time by snow in the winter, so cattle 
have been known to live through the winter without other food than what they 
found themselves. The climate is probably too rainy for gi'ain culture in this part 
of Alaska. Barley and oats grow luxuriantly, but are difficult to ripen and cure. 
Timothy and clover grow luxuriantly. Wheat has not been fairly tested. 

Fe^e^a5Zes: The following are all the vegetables that can be grown here with 
profit: Potatoes, planted in April; cabbage, cauliflower, turnips, peas, lettuce, 
beets, carrots, and salsify, planted in May. The above have been raised with suc- 
cess, and in quantities to suit the demand. Tomatoes, cucumbers, corn, melons, 
pumpkins, &c., will not grow. In Klawock there is no farming carried on; the 
country is heavily wooded, although there are several clear tracts of land which 
could with coraparatively small outlay of money be turned into good farms. How- 
ever, the cost and opportimities of transiDortation between the different points in 
Southeast Alaska w^ould make it almost impossible at present to find a paying 
market for products raised. 

ARKANSAS. 

Grasses and forage plants: Millet is thech^ef forage plant. It is planted in June. 
Some red clover is grown. The different kinds of grasses are not grov^n extensively, 
but expertnients are teaching us that this is a fine grass country. Crab-grass makes 
an excellent pasture and is used for liay. The usual time for sowing clover, blue,' 
timothy, and herd's grass is in the month of February. There is a desire to try 
other varieties than those we now have. Bermuda grass is our best grass for sum- 
mer grazing, and on rich land makes fine hay. Johnson grass has proved a great 
success to all who have tried it. Alfalfa and red clover grow finely here on our 
best land. It is a difficult matter to get the people aroused to the vast impoi-tance 
of giving more time and attention to different grasses and forage plants. 

Grain : We commence plowing in February. Amber wheat and similar varieties 
do the best in our locality. Our climate requires a wheat that is early and will 
stand the ru&t. The Walker wheat is a popular variety. Wheat and rye are sown 
in October. Rye is a profitable crop if sown earlier. We are growing more grain 
and less cotton. Late corn has proved to be best for our climate, making the larg- 
est yield per acre. Corn is usually planted in April. White winter oats sown in 
the fall make a good yield, and are free from rust. Barley and rice are raised to a 
limited extent. . 

Fegeto67es .* All vegetables grow to perfection in this climate; we grow almost 
every known variety with little labor. Gardening is commenced in February and 
March ; early and late Flat Dutch cabbage and some drumhead for winter use. Irisli 
potatoes must be of an early kind, on account of our hot, diy summers: planted in 
March. Turnips, purple-top and Flat Dutch, for early use, do well, but for a main 
crop must have a hardier kind, like the seven top, to stand the winter. Peas, beans, _ 
carrots, and parsnips are planted in ApriL 

CALIFORNIA. 

Gmm; Winter plowing and seeding comDiences in Northern California as soon 
as the soil is Vv et enough to plow. The principal grains are barley, oats (mammoth), 
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Egyptian and eight-rowecl corn. Only the early varieties of corn will mature in 
Northern California. In the southern pai't of the State it makes a large and Talua- 
ble crop. Flax is grown for its seed ; sometimes one and a quarter tons are produced 
per acre. Barley known as the Coast Range variety is a profitable grain. 

(jh^asses and forage plants: Very few grasses are raised in Northern California. 
Alfalfa is grown along the river bottoms or in places that can be irrigated; it is 
used in Eastern Calif ornia for hay; it yields two cuttings a season on dry land, 

Timothy and red-top do well on wet land, and yield from eiglit to ten tons of hay 
per acre. In Central California white Chili w^lieat and white wild oats are sown for 
forage. 

Vegetables : Yegetablies grow to perfection, and gardeners plant nearly every 
month in the year in the southern section. Tlie Lima bean is a valuable crop in the 

-south. - - 

. . ' . . f _ . _ - 

. CO^NEGTfcUT. \ ; - - -_: 

Grass and forage plants: Clover, timothy, red top, orchard grass, blue grass, 
tall fescue, red and white clover, and alsike are the most profitable, 

Orain : Wheat, yellow Dent corn, barley, oats, and buckwheat are the principal, 
grains. 

Spring plowing usually begms April 1 and grain sowing about April 10. Corn 
ripens in from 90 to 100 days from planting. 

Vegetables: The melon trade is gTowing, particularly the_ sniall green-fleshed 
varieties of musk -melon. Hackensack stands at tlie head. We plant the fii-st week 
in May, The leading vegetable in the southwest is the onion. There are growers 
who plant twenty to thirty acres annually. : The average yield is tlu'ee hundred to 
four hundred bushels per acre; the principal msxl^Qt for this product is New York 
City. Carrots are raised in large quantities, more particularly for stock and horse 
feeding. Pumpkins, largely gTown for cattle and liog feeding; time for planting 
about June 10. 

DAKOTA. 

(grasses and forage plants: Only wild^^^g^^^ at present. Clover, alfalfa 

; and the hardier grasses would do well, as the winters, although extremely cold, are 
not subject to thaw, which causes grasses, to winter-kill. Tjio country being new, 
gi'asses have not been cultivated. Native grasses are preferable to any others; 
their fattening qualities are greater than the native or tame grasses of Illinois ot 
Iowa. 

Grain: The varieties of spring wheat grown in Southwestern Dakota have a world- 
wide reputation for producing the best quality of flour. Spring varieties of wheat are 
harvested 118 days from sowing. The early-sown gi*ain produces a lai-ger yield, and 
a great effort is made to get seeding done by the lOtli of April. In 1886 wheat 
yielded from 9 to 20 bushels to the acre. Fall plowing is necessary for the best yield 
for wheat. Scotch Fife is the favorite variety. / 

Our prmcipal market crop is flax. Welcome oats is a favorite variety. Corn does 
well planted any time from the last week in A:x>ril to May 25. Rice-corn is a variety 
that should be cultivated and improved by the settlers in Dakota. Barley does better 
sown about the 20th of April. Amber cane does well/but has not been extensivelv 
grown for lack of mills. ^ *- 

Vegetables: Neeivly all kinds of vegetables are of excellent quality and very pro- 
lific. Some of the carrots are 2 feet long. Specimens of Earlv Eose potatoes 
weighed 6 pounds. They average 175 bushels per acre. Sugar-beiets, turnips and 
rutabagas are extensively raised for stock-feeding. The southern section seems 
pecuharly adapted to root crops of all kinds. Tomatoes and melons rarely mature 
on account of frost, ' 

FLORIDA. 

Grasses and forage plants : On the Gulf border of Florida the yellow Miilo maize 
and Johnson grass have been reported by good farmers as excelling all other foraee 
plants. Alfalfa is pre-eminent for hay, soiling, and green manuring. It does not 
ne9d re-seeding. Bermuda grass is unexcGlled for pasture, and once established is 
permanent. However, the principal dependence is the w^ild native grasses. ' 

G^am; Oats acclimated here are far superior to any variety raised north. They 
are planted as late as December. For pasturage, sowing begins in October Rve 
and barley are sown in October, and yield well, but the weevil eajmot be kept from 
the grain when it is matured. Northern rye will not grow succGSsfullv here as it 
does not head out. , at 
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Vegetables : Tliere are two distinctive kinds of vegetables grown here — winter and 
spring. The early vegetable business is steadily increasing with the facilities for 
marketing. All kinds of vegetables grown in the United States can be successfully 
grown here at some time of the year. Seed can be planted at any time after the 
beat of the summer, and suffers, as a general thing, no check, as the winter temper^i 
ature rarely falls below 50 degrees Falirenheit. _ 

GEORGIA. 

Grasses and forage plants : Yerj little attention is given to grasses in Eastern 
Georgia. Lucerne is the best-paying clover we have; crab-grass and crow-foot 
make excellent hay. Would like grasses ui Southwest Georgia adapted to our. 
climate. In the western section Bermuda-grass was introduced some years ago; it 
does not produce seed, but is easily propagated by the roots. Seven tons have been 
produced to the acre. Our forage consists mostly of oat straw. 

Grain : Eye, oats, and corn are our gi'ain crops. Corn is planted in March a-nd 
cotton in April. Kaffir corn is creating a great deal of excitement in Western 
Georgia^ It has proved to be an excellent forage plant. The seed commands a 
high price, but will be within the reach of all by another year. Indian corn is 
largely used as a forage plant in the northern section. Corn should be procured 
from other localities and renewed every two or three years. Wheat is not as suc- 
cessful here . as in higher latitudes. Wheat is sown in the months of October and 
November. The Burt rust-proof oats a,re two weeks earlier than other oats, but 
the heads are not as heavy. 

Vegetables : In Central Georgia dv/arf peas, though not so fine flavored as some 
others, are preferred. Among the best varieties of squash are yellow crook-neck 
and Boston marrow for fall and winter. Early varieties of Irish potatoes are best, 
as two crops can be grown. The sweet-potato is entitled to more consideration. 
The Government should imijOrt new varieties from South America. The sweet- 
potato is deteriorating in the South, losing its keeping qualities from continual prop- 
agation from cuttings and sprouts. Potatoes ]3lanted in February mature in June. 
A second crop planted August 10 will mature bj^ frost. This crop keeps through 
the winter and spring. Almost every variety of vegetables and fruit grow well 
here. The time for sowing varies every year, owing to the difference in the seasons; 
therefore it is best to plant and sow sornetliing ievery month. Flat Dutch turnips 
are in demand in the spring; yellow rutabaga and purple-top in the fall. In the 
western part of Georgia carrots and parsnips are not grown. 

■ / LOUISIANA. 

Grasses and f orage plants : Millo maize, the sorghums, and millets may be grown 
profitably either for grain or forage crops. Sorghum is planted in April; millet is 
sown in May or June. Teosinte bids fair to be one of our most valuable foi-age 
plants. Rescue grass is good winter pasture. Crab-grass makes our best hay. In 
Southern Louisiaua cow-pea is the principal reliance of the planters for hay. 

G^^ain : In the central part of the State the old reliable gourd-seed variety of corn 
is the most popular. The flint variety, on account of its hardness, is rarely planted, 
except for bread. Oats are sown about the 10th of January. In the eastern sec- 
tion red oats and rice are the principal grains. Rye and barley grow well, but are 
not raised to any extent. Rye makes i^oor pasturage, and barle;^is of but little 
value for the same purpose. Sorghum is extensively raised here for sirup and for- 
age. Wheat rusts, and but very little is sown. 

Vegetables : Most of the garden vegetables are planted between February and 
April. Tlie best peas iii Eastern Louisiana are marrowfat; the dwarfs are not fiiiit- 
ful enough to pay for culture. Drumhead and Flat Dutch cabbage, red-top and 
white-globe turnips are the favorites. The pole bean and the black wax are prefer- 
able. Watermelon seed from the Department of Agriculture the first year made a 
poor show; the melons split open in the sun, but the year following melons were 
raised from the same seed, many of which weighed over 40 pounds. Asparagus, 
celery, carrots, and spinach do not come to perfection here. In Southwestern Lou- 
isiana spring vegetables are sown from the 1st to the 10th of March; fall vegetables 
from the 1st to the 10th of August. There is a growing demand for the early vari- 
eties of all kinds of vegetables. V 

/ MAINE.-, 

Grasses and forage plants : Timothy and red clover were formerly the only grasses 
sown, but of late years several other varieties have been added with satisfactory re- 
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suits. Red-top 5 Kentucky blue-grass, orchard grass, alsike, and white clover are how 
largely grown. A mixture of oats, wheat, and barley is quite extensively raised toi 
feed. "But little rye or buckwheat is raised in the southern part of Slaine. In addi- 
tion to the other grasses given, foul meadow and blue joint are extensively grown 
on low and swampy land. 

G^xtins : Sx^rmg plowing is sometimes begun earlier than May 1. A mixture of 
oats, wheat, and barley is quite extensively raised for feed. Peas are sometimes 
added to make it more valuable. 

Among small grains oats have much the largest average; barley comes next. 
^Vheat, ryej and buckwheat receive little attention. Large quantities of sweet and 
Dent corn are grown to feed while in a green state. 

Vegetables: Our chief vegetables are cabbage, beets, carrots, tomatoes, and tur- 
nrpa. The date of jjlanting gardens is about the middle of May, and all the varieties 
are planted about the same time. Potatoes are grown to a greater extent in the 
southvv^estern part of Mame than any other vegetahie, but immense quantities of 
cabbage are raised in a few towns in the southern portion. 

Pumpkms are grown for stock in all locaHties. Squashes and tomatoes are gi'own 
by nearly every farmer, and large quantities are raised by market gardeners in the 
southern section.- " 

MASSACHUSETTS. _ 



Grasses and forage /plants : Timothy, red-top, and clovers are the most popular 
grasses. Hungarian and millet are sown as '* catch crops" for forage.: 
-G^am .v The grains are corn, oats, rye, barley, a 

Vegetables: Sweet corn is planted every ten days from April 10 to June 17, Asa 
general thing vegetables are planted too early. Later planting \^^ould produce bet- 
ter results. Among the best vai'ieties of peas are Fu*st and Best and McLean's Ad- 
vancer. . -, " V V ■ ^ " ". 

■ , . -MICHiaAN,^ " - " : " 

Grasses and forage plants: The northern; j)art of Michigan is second to none for 
clover and grasses. Mammoth clover is grown to some extent for plowing under. 
In the southwestern part a held of alfalfa, sown for tlio first time last spring, stood 
the summer drought better than red clover. Timothy is considered. the best for hay. 
Mediuni red clover preferred. ; 

Grain: There is no part of the Staite better for winter wheat than the northern 
portion, Sprmg wheat is found to succeed better than fall wheat in average seasons. 
In the central part of the State the Olawson is the most popular at i^resent. Mar- 
tin's Amber and Centennial are growing in favor. Welcome oats are good. The 
Russian variety is a little late. Barley does well. What we need most is a good and 
early field corn. The fimt varieties succeed best. The Dent varieties are rather 
late. Corn planting begins about the 10th of May and continues up the 1st of 
June. One hundred bushels per acre is considered a good crop, but a hundred and 
twenty bushels are not uncommon in favorable seasons with good cultivation. The 
seasons are too short in the northern part of the State to mature all varieties of corn 
and potatoes. Early Concord sweet corn proved to be the best late sweet corn ever 
planted in the southeastern part of the State. 

Vegetables : Airvegeta.bles do well here. Early Flat Dutch cabbage is always sure 
to head, also the Wmningstadt. The Hubbard squash is the best variety for winter. 
The season in the northern part of the State is short and the growth of vegetables 
very rapid. 

MINNESOTA. ■ 

Gi^asses and forage plants: As jet we depend mostly on native grasses, though 
some farmers are beginnmg to seed with timothy and red-top. 
: Grain : Wheat, oats , barley, rye, and early corn are grown. No winter wheat is 
raised,- Spring wheat is sown as soon as the ground will permit. Fife and blue- 
stem wheats and white Russian oats are the standards. Scotch Fife makes the best 

fioiir under the new process. Wlieat and oats are glraost invariably sown on fall 

plo^dng. Spring plowing for corn and wheat is done from the 10th to the 25th of 
May. Spring rye i§ raised to some extent. • 

Vegetables : Potatoes and rutabagas are the main croj). Garden vegetables are 
grown for home consumption. Marblehead squash and Stowell's evergi'een sweet 
corn are favorites. 
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Grasses and forage plants ; Our red-clay lands produce excellent red clover, 
which is the most popular of the grasses as a fertilizer and forage plant. Bermuda 
grass is unequaled for grazing. Our planters are just beginning to find out that 
grass is their best friend. German millet is cultivated to some extent and yields 
abundantly. In the eastern se(3tion we need some new varieties of clover and 
grasses for forage. Crab-grass will surpass anything in yield and quantity. 

(xram ; Red xust-proof oats is the only variety that will do well in Central Mis- 
sissippi. Grain sowing is usually begun in February and March— in the southern 
part of the State early in February. We want a rust-proof wheat. Wheat growing 
has' proved uiiprofitable for several years, and very few farmers are engaged in it. 
Nearly every variety fails to be rust proof , and rust is a deadly foe to wheat in, '^is 
locality. Cotton, which is our principal crop, is planted in April. Bye is cultiy^d 
to some extent, though mostly for early spring pasture. ^ ' 

Vegetables : We are favorably situated for the business of gardening, and most 
vegetables can be successfully grown with ordinary skill and labor. Some vege- 
tables can be raised all the year round. Gathered 32 different varieties at one time 
the 1st of May. In the southern section the wax-bean cannot stand the long hot 
summer, and in the western part of the State turnips, rutabagas, and cabbage are 
generally failures. Beauty of Hebron potatoes proved excellent. All turnip seed 
received from the Department of Agriculture was unusually fine, particularly the 
red-top and white globe, 

MONTANA. ■ 

Grasses and forage plants y We have had little experience with grasses. We need 
a deep-rooted grass, capable of enduring drought* Our most desirable grasses are 
timothy, alfalfa, orchard, and red-top. In the eastern part of the Territory millet 
is the moist desirable. 

Grain: All kinds of grains yield well in Central Montana. The best wheat and 
barley are raised on bench lands. The most popular varieties of wheat are Scotch 
Fife and white Sousse. Two-row barley is a very satisfactory crop. We should be 
able to raise an early variety of corn, but as yet but little attention has been given 
to this grain. White flint promises to be the best variety. All field crops in this 
country require irrigation to insure a good yield. Too little attention has been 
given to raising crops that will withstand drought. Early 'amber cane attains a 

food growth and makes fine forage for stock, but will not succeed as a sugar rpro- 
Ucing plant. Oats are more extensively sown than any other gi'ain. Morrs En^ 
nobled Black, Welcome, and Surprise oats are successfully grown. 

Vegetables : Almost all vegetables are raised in abundance, but the earliest varie- 
ties must be selected. Best varieties are Early Bose, Beauty of Hebron, Saint Patrick, 
and Snow Flake potatoes. Silverleaf , Drumhead, and Jersey Wakefield cabbage 
planted May 15. Silverskin onions, blood turnip beet, long green cucumber planted 
April 20. Vegetables grow to an immense size and are superior in quality. Our 
potatoes cannot be excelled. . 

NEW HAMPSHIBE. 

Grasses and forage plants : Clover, timothy, red-top, blue-grass, orchard-grass, 
and Hungarian are the favorite varieties. 

(3^am : Oats, barley, wheat, and rye are successfully grown. 

Vegetables: Potatoes are a staple product. Other vegetables do well. Winning- 
stadt cabbage, Early Blood, and Egyptian beets, Danvers and Weathersfleld red 
onions, cranberry and white Dutch pole beans, Boston curled lettuce, hutmeg-musk- 
melon, black Spanish watermelon, sweet mountain pepper, early scarlet radish, 
Hubjbard squash. General Grant tomato, and strap-leaf turnip are the favorite va- 
rieties. 

NEW MEXICO. 

Grasses and forage plants : Grasses, such as alfalfa, are needed here, and amber 
or orange cane. The seeds of varieties grown here have been used so long that they 
have become entirely unprofitable for seed, having been planted year after year. 

Gfain: Seed wheat adapted to this locality is greatly needed in the southern part 
of New Mexico. Barley and Canada corn, if planted very early and properly culti- 
vated, yields two crops a year. 
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VeqetaUes ' l^enxlj sXl the seed sent from the Department did well, particularly 
Flat butch cabbage. Potatoes do not grow in this country— eastern part—butdo 
well in the mountains. I have raised sugar beets here that weighed 3o ponnds. The 
red turnip beet is best for table use, AH classes of vegetables will do well, however, 
if sufficient water can be had for proper irrigaUon. 

NORTH CAROLINA. 

Grasses and forage plants: The native varieties of grasses succeed betterthan for- 
eign ones. Timothv, red clover, red-top, and orchard are the most desirable. We 
have natural pastura35:e of spontaneous gTowth. No doubt most of the varieties of 
grass would do well, but our farmers have never resorted to them. In the southeast 
there is some millet and sorghum planted for forage. Very little forage grass used, 
except crab-grass. Most of the planters use the cow-pea and corn for f^der. ^ 

Grain : The most popular grains in the northern jmrt of this State are corn, wheat, 
oats, and rye. Oats are so^vn f rom Febi-uary to April; yellow and wlnte arethe 
most desirable, but the rust-proof varieties are i^ref erred to all others. The best oats 
for fall sowing are the white winter and rust proof ; for spring the black, which is 
sown from February to March. Very little spring wheat is sown. There is not 
wheat enough raised'in some parts of this Stat e to supply the demand. In the north- 
ern part of the State spring wheat has not been sown since 1849, The most popular 
wheats for red land are the Glawson and Golden Prolific. On sandy soil the t ultz 
and the Mediterranean, both bearded varieties, succeed, well. Wheat and rye are 
sown from October 1 to December 25. 

Vegetables : All vegetables knovvn to the temperate zone grow here to gi'eat per- 
fection. In the central part of the State cabbage is the most profitable vegetable 
gi'own from summer and early fall. Drumhead and Fiat Dutch are tlie favorites. 
Nearly all kinds of beans are grown. Our best varietie^i of tomatoes are Livingston's 
Perfection and Acme. Lettuce, Early Hanson and Salamander. The sugar beet 
sent us by the Department is considered the best for table use. Sweet potatoes Stand 
first in quantity and value among vegetables. Irish potatoes are raised in large 
quantities for early market for Northern cities. 

■ ^ . ^ - ■ ■ - OHIO. 

Grasses and forage plants: We need a grass that will stand the drought better 
than timothy. Exi^oriments with orchard grass very satisfactory ; also alfalfa from 
I^partment of Agriculture. Alsike is just what we need as a clover; it grows 18 
inches high and ripens its seed. 

RHODE ISLAND.^ 

Grasses and forage plants : The most desirable grasses are timothy, clover, red- 
top, and orchard. Forage plants are red clover, corn fodder, millet, Hungarian, 
and some sorghum. _ ' , -r 

Vegetables : Our season is' a long one. We are subject to dry weather froin June 
to September, and farmers are anxious to got then* crops in as early as possible to 
obtain the advantage of spring rains. _ The variety of garden seed used is great; 
onions and carrots are the specialties, red anion preferred. 

SOUTH CAROLINA. 



Grasses and forage plants : The reMance for pasture and hay is on native grasses 
or rye, which many plant for winter and spring grazing. Herd's grass grows well on 
low lands, and crab-grass makes a good crop. Rermuda and Texas blue have both 
been introduced on a small scale. Pea-vines make fine forage. We plant Berrnuda, 
rescue, orchard, clover, lucerne, and millet in tlie fall. 

Grain : Wheat is sown from October 1 to December 25. Our best crops are from 
the red varieties. Oats are sown from July to March. Those sown in July are 
twice as productive as those sown in the spring. Wliite winter oats would prove 
quite as valuable as the favored red if more generally introduced. Red rust-proof 
oats are considered to be the best. Indian corn has been the main rehance for grain 
until the importation of the red rust-proof oat. The most popular field corn in 
South Carolina is gourd-seed. Dent^s early is being introduced. Kaffii- corn and 
Mlo maize are being tried. We plant Indian and pop-corn and field peas in March 
f)r April; barley and rye in November, ^ ^^^^^ ^ ^ ^ ^ ^ ^ 



SEED DIVISION. 65 

Vegetables: Spring plowing begins as soon after the 1st of January as is practi- 
cable. Turnips, parsnips, and carrots are planted in the fall; cabbage, coUards, 
garden peas, beans, beets, salsify, and potatoes in the spring; in fact, all kinds of 
vegetables are planted here except celery and cauliflower; never knew them to grow 
successfully in this locality. All vegetables, early and late, with proper attention, 
will make two crops, and Some three, in this climate. 

Department seeds are sought after and always give satisfaction. The sowing of 
seed IS not usually judiciously done, and in this climate all vegetables deteriorate 
after the second year. Northern seed for the Southern climate insures for the year 
choice vegetables. All imported seed of the root crops to be preferred. 

TENNESSEE. 

Grasses and^orage plants: BluQ'gr&SB, red'toi^ J orchard, timothy, clover, and 
herd*s grass, and common red clover are grown more than any others. Other grasses 
are being rapidly introduced. Herd's grass and clover mixed make the best grass 
for grazing, and should be sown the 15th of November. Eed clover grows to per- 
fection. Japan clover grows all over the country and is valuable as feed for stock. 

Amber cane is becoming more popular every year as a feed for mules and cows. 
The Russian sheep fodder (yellow lupin) proved a failure with us. A few farmers 
did their spring plowing in December last, and their crops are decidedly the best in 
the country* For hay, red clover, herd's grass, and timothy are chiefly used. Be- 
sides these there are large quantities of sorghum and German millet grown for win- 
ter feeding, Clover, timothy, and herd's grass are sown in February and Ma,rch. 

Qrain: Winter wheat is sown from the 1st of September to the 15th of Novem- 
ber. : The varieties principally sown are the Fultz, Odessa, and Red May. German 
ainber is also much liked. Red Mediterranean is also a favorite, and is not liable to 
damage from rust. Red and* black oats are the favorite varieties, and are sown in 
February and March. Oats, if sown in October and not winter-killed, yield the 
best results. In Central Tennessee Indian corn is our principal crop, and is planted 
from April 1 to June 1. In the southeastern part of the State the farmers usually 
commence spring plowing for the corn crop about January 15. Corn planted in 
March gives the best results. Corn and cotton are the principal farm crops. - Our 
corn is a general mixtxire, the white being used for bread and the yellow for stock. 

Vegetables : All varieties of vegetables grow to perfection here. Central Tennessee 
is peculiarly adapted to the growing of corn and potatoes, both Irish and sweet. 
Turnips and onions produce good crops. Cabbage is uncertain. Peas, both garden 
and field, do well. AVethersneld onions. Flat Dutch cabbage, early and late puf pie- 
top, and white^globe turnip, Acme and Livingston tomato, perpetual lettuce, pole 
and Valentine snap beans are fine varieties. Morrowf at and early May peas are the 
best. Crook-neck squash is very early and of fine flavor. 

\ . . . . TEXAS. 

Grasses and forage plants : The cultivation of grasses in Southeastern Texas is 
very limited, most of them failures, until the introduction of Johnson grass from 
Alabama, which proved a great success for horses and cattle, and is considered e(^nal 
to the best imported hay. It is not affected by drought; grows from 3 to 4 feet high. 
It is good where you want exclusively a hay farm. In Southern Texas we have a 
grass known as Texas-rye, which promises weU as a winter and spring pasturage. 
It is hardy, standing the coldest weather, and would prove valuable for hay if prop- 
erly managed. Grasses do not succeed in Western Texas on account of long droughts. 
The Bermuda succeeds only when planted on bottom-lands. Rye and sorghum afford 
fine green forage for hogs. Rescue-grass is a good variety for winter pasture. 

Grain : In this climate the most successful farmers prepare their corn land in No- 
vember and December, securing the benefits of light winter rains. Corn is consid- 
ered the most valuable grain. Egyptian or dhoura is the most valuable, as it stands 
the dry weather remarkably well. It is difficult to procure the seed. Broom corn 
is a paying crop, yielding two crops per year. The second one is the better. In the 
northern section all wheat is sown in the faU. The White May and Mediterranean 
are the varieties that suffer the least from rust. Nicaragua wheat is a good variety. 
It averages 35 bushels to the acre. Both red and black oats are popular and superior 
in yield to other varieties. There is a great need of a rust-proof variety. Although 
peanuts are a paying crop, averaging $2 per bushel in market and yielding well, still 
they are but little grown. 

Vegetables : All varieties of vegetables do well here when properly cultivated; the 
early varieties succeed best. Gardeniug is iisually comjtnenced about the 14th of 
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February, or as soon as the weather wiU permit. We can stand a4rought here longer 
than^anl other part of the world. Hat Dutch cabbage and dmmliead, strapleaf 
S^hitfilobe turnip are considered good w^^^^ Tomatoes of all wieties do 
well, and melons are successfully grown. ; : 

7 / /VIRCHinA^ 

Gfassm cmE forage pl(mts:m splendid asa forage plant, and also for hay- 
making t)urposes. Under favorable circumstances it cannot be surpassed. It yields 
more tS the acre than any other known grass. It should be cut ttoee or four times 
dnrine the season, or it wHl be too coarse and unfit tor h^. ^Isike is^ a fine grass 
for hay. It grows, imder ordinary cultivation, from S to 8 feet m height. ^ The . 
blossom is so iragrant that it is a valuable honey plant. The meadow contammg 
the clover was literaLlv covered with bees from mornmg until night when m bloom. 
Two fine crops were produced during the season. Hay should bt secured early 
enough in the season to aUow the meadows a good start before the summer drought 
sets ms SO that the roots may be weU protected. TMs;isnot necessary with aJf alf a, as 
Ss rook extend into the ground from 10 to 20 feet, wjiere the sml is of a^oose calca- 
reous character. Neither alf alf a nor alsike should be pastured until the fall rams- 
set in. Care should be taken not to pasture too late m the sprmg^^ ^ 

<?ram • tt^om 8 quarts of seed wheat, sown on about ohe-sixth of an acre of land, 
nearly 6 ibushels of the red Mediterranean wheat were harvested. The .soil was a 
saadf loam, very deep, not very stiil, and waa weU adapted for the growth of alsike 



and alf alf a clover. 

VERMONT. ■ . " h.. 

Grasses and forage plants; Red-top is becoming quite popular.' Farnaers have 
found that it will grow and do well where timothy fails. The most popular com 
for fodder is white Sanford; Stowell's evergreen sweet is also used. , 

Grain * White Russian wheat makes choice flouj, and yields from 30 to 40_bushels 
per acre.' Oats yield on good soH, if sown by the ISth of May, from 50 to 60 bushels 
per acre. Barley sown by the loth wiU yield 40 to 45 bushels p 

Vegetables : All Idnds of vegetables do well. Beans axe an important crop in this 
State. Onions are largely raised for Eastern markets. . 

WASHINGTON TERRITORY. 

Grasses and forage plants; Our grasses are blue-grass, red clover, alsifeej tama- 
thy and orchard grass. The climate is so mild that all the grasses named do. ex- 
ceedingly well. Hve acres of red clover yielded 15 tons of splendid hay 
ting. Gould have cut nearly as much more, but preferred to use it for pasture, 
Most of the grasses here remain green nearly all the year. Timothy, with wheat- 
oats, and barley, is sown and cut for hay before ripe. We want grasses that will 
suit our alkali soil and long summer droughts. - 

Grain r Bye, wheat, and barley are the principal grains. Wmter wheat is sown 
between the 15th of October and 1st of November. ' 

Vegetahles : AU. Mnds of vegetables grow well except peppers, egg-plant, and 
other tender varieties. It rarely freezes deep enough to injure potatoes left in the 
ground. - 
. V. . "WiSGONSIN.: , 

Grasses and forage plants; Grass yields in ordinary seasons from 1 to 2 tons per 
acre. Timothy, clover, red-top, millet, and Hungarian are the principal varieties. 

Grains Wisconsin is well adapted for gi'owing all kinds of grain. Plowing is be- 
gun early in April for small grains; in May for corn. Corn, oats, and barley are 
the staple crops at this time. Burpee oats grow 6 feet high and are about ten days 
earlier than others sown at the same time. Surprise oats from the Department are 
earlier and larger and yield more than our native oats. Winter wheat is raised to 
a small extent. Stook farming is the main sta-y. Anjber cane is not raised to any 
extent at present, as we have no sugar manufactories. The eastern part of Wis- 
consin IS a fine section for wheat, oats, and barley. 

Vegetables : The seeds received from the Department produced a fine crop. Mc- 
lean's advaaicer was first and best, and Laxton's proHfie peas did well and were of 
fine flavor. Corn and potatoes are the principarand most profitable crop. Onions 
are largely raised for city markets. Mangel-wurzel and r^ as high as 

13 pounds, beets 5 to 11 pounds, and cabbage 22 pounds. Cucumbers are a prolific 
crop. In fact, the yield of all kinds of garden vegetables is an abundant one. 
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In conclnsion, I lierewitli append the following tabulated statemetat 
showing the quantity and kind of seed issued from the Seed Division 
of the Agricultural Department, under the general apprupri xtion act 
of Congress, from July 1, 1885/to June 30, 1886: 



Description of seeds. 



Vegetable . . . . 

Flowers ....... 

Herbs . . . .... . , 

Tobacco .... 

Tree .......... . 

Sunflower . . . . . 

Opium poppy . 
jpyrethrum . . . . 

wliite sag© . . . , 



FIE];dD SEEDS. 



Wheat.., 

Oats ..!.... 

Corn 

Barley ............... 

Eye...................... 

Sorghum ..... ^ 

Turnip. 

Sugar beet 

Mangel-wurzel. . ... . . 

Gr^ass... .. . .............. 

Clover , . . , 

Millet...... 

Teosinte ............. 

Forage plants, imported . 



TEXTILE, 



Cotton. 
Hemp , 
Jute . . . 
Eamie . 



Grand total. 



138 
132 
4 
12 
8 
1 
1 
1 
1 



Ipl 



2,735,2,'50 
273,535 



184,95^ 
907 



10,800 
8,156 
9,089 
196 
15 
7,617 
339,684 
12,288 



14,640 
S83 
143 



6,503 



i. 

II 

m 



159,161 



7,210 
619 
60 



41,076 



617 
84 



50, 142 
2,468 
1,298 



3,401 



468 



3,538,108 834,454 



23,485 
2, 146 



487 
74 



68,442 



0 m 
8"S 



330,483 
63,901 
51 
4,783 
3,892 
945 
13 
175 
920 



2,885 
1,257 
1,488 
294 
149 
1,836 
5,615 
1,336 
637 
2, 945 
990 
205 
297 
922 



640 
13 



426,251 



m 

1-1 
III 



200 



45 
66 
170 



1 



2,265 



1,640 
97 
300 



656 
41 



34 



465 
136 



40 



3,871 



467 
23 

146 
20 

114 
40 
12 
37 



II 
11 
1 

398 
976 



3G 
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WM. M. KING, 
-r i Chief of Seed Division. 

Hon. NOEMAN J. COLMAN, 

Commissioner, 
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Sir : There is in agriculture a conservatiye tendency to follow in tlio 
beaten patli of precedent. Hence it is that so small a number of plaiits 
are known in cultiyatioii. . Very few of the great mass of laborers dan 
afford the time for and the risk attending experiments on a lar^e 
scale, yet there are very few who cannot devote a little care to the tf ial 
of new plants, especially in localities where the ordinary kiiids dd:iot 
prove wholly satisfactory. For instance, the common red and white 
'clovers came to us from Europe, and are almost the only kinds known 
in cultivation, whereas we have many native species which seetn'to 
have the qualities of hardiness, vigor, and size, which would probably 
render them valuable for the purpose of cultivation. 

In those parts of the country where these clovers occur it would 
not be difficult for farmers or others to make an extended trial of ^diie' 
or more of such kinds, and report the result to this Department or to 
some agricultural paper for the benefit of others. ^ As a help.td siich 
trials, we present herewith a paper on some promising native &pec|es 
of clovers, with such figures and descriptions as will serve to identify 
them. ^ " ; " / • : 

As much loss and injury to crops result from the presence of per- 
nicious weeds, as a guide to their recognition and destruction, we pre- 
sent a paper on some of the more important and common weeds of 
cultivated grounds, with instructions as to the means of eradicating 
them; this practical part of the information being from the pen of 
Mr. A. A. Crozier, the Assistant Botanist. 

A history of the Division of Botany and an account of its work is 
also presented, for the information of the public and of all such as 
are interested in knowing what are its purposes and aims, ^ 

HISTORY OF THE DIVISION. 

Soon after the compjletion, in 1868, of the building for the Depart- 
ment of Agriculture it was found necessary to have an experienced 
Botanist to complete the working force of the Department. It was 
recognized, also^ that one of the first requisites for the use of the 
Botanist was a herbarium, in which should be represented, as far 
as possible, botanical specimens of all the plants of the country. An 
appropriation for a Botanist was made by Congress, and an arrange- 
ment was made between Hon. Horace Capron, then Commissioner^ of 
Agriculture, and Prof . Joseph Henry, Secretary of the Smithsonian 
Institution, by which the botanical collections then in the possession 
of that Institution were transferred to the Department of Agricult- 
ure as a beginning toward the formation of an herbarium. Those 
collections were chiefly made under various surveys and explorations 
of the Government, as those of Commodore Wilkes, those of the 
Mexican; boundary, and of the Pacific Railroad surveys, together 
with large contributions from foreign Governments. To these have 
been since added the plants collected under the different Geological 
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Snrveys, and large quantities obtained by ptLrGliase from variotis 
botanical collectors in lifferent parts of the country, and important 
additions by exchanges and contributions. ^ 

I'he herbarium has now grown to be one of the largest and most 
valuable in the country , and contaiii^ a representation of nearly all of 
our 1^000 native phsBnogamous plants, as well aslarge numbers from 
M6xieo^_ Souths America^ and other countries. These specimens are 
Biiiecessity to the Botanist, in order that he may be able to distinguish 
and determiBe the names of the plants which are constantly being 
sent from all parts of the country to the Department for determina- 
tion and investigation/ It is, in fact, a kind of reference library, to 
be consulted whenever occasion requires. Well prepared botanical 
specimens are for purposes of comparison almost as useful as the liv- 
ing plants, so that theherbarium gives nearly alllthe advantages of 
an arboretum and botanical garden, accessible at all times, and much 
filler in species than it is possible to have a living collection. The 
rapid deyelopment of this vast eountry is constantly bringing to light 
n|w Mnds of plants, respecting which information is sought, and 
whiptt has to be obtained through the medium of the herbarium. 

^he herbarium is also often consulted by teachers and professors 
of science, who avail themselves of the opportunity here afforded of 
^tpxiying plants from all parts of the United States. This advantage 
iB::;4lso participated in by educated foreigners, who, in visiting the 
e^tal of^the country, expect to find centered here a full represen- 
tation^ of its various productions. Natural history collections are a 
neoessity of the present age, and every country of the world, which 
is advanced in intelligence and science, makes its capital the head- 
quarters for information relating to its resources and productions, 



In 1876 the various Departments of the Government were called 
upon to contribute toward making a suitable display of their func- 
ticps and operations at the Philadelphia Centennial Exposition. As 
a proper representation of the work of the Botanical Division the 
Botanist made an extensive exhibit of large sections of the various 
kinds of forest trees of this country, embracing between 800 and 400 
different species, brought from all portions of the Union, the largest 
and best display of the kind that had ever been made in. the United 
States. This collection was afterward returned to the .Department 
and subdivided into smaller sets, most of which were distributed to 
our agricultural colleges and institutions of learning, and to foreign 
0ovemna(tots which desired^^^ 

The division has also been called upon to assist in making displays 
at other linportant expositions, as at Louisville, Cincinnati, and New 
Os^ans, partiGuIarly at the last-named city, where a large collection 
of the grasses of the United States was displaced, intended to show- 
how extensive are the resources of the country in this important ele- 
ment of wealth. 



Investigations of the grasses of the country have been conducted for 
many years by the Botanist, with the purpose of bringing to view and 
into cnltiVation new kinds which might prove useful additions to the 
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agrictiltiire of tlie cotintry. In connection with, this subject several 
special reports on our native grasses have been published by the De- 
partment and distributed among farmers and otners. The, principal 
of these reports, called the ' * Agricultural Grasses of the United States^ 
with their chemical composition," is a pamphlet of 144 pages, witn 
120 fu.ll-page plates. 

Another/ entitled a Descriptive Catalogue of the Grasses of the 
United States," containing 110 pages, was published in coiinection . 
with the grass display at the New Orleans Exposition, 

Recently a special bulletin, or report of an investigation of the 

frasses of the arid districts of Kansas, Nebraska, and Oolorado, has 
een issued. 

There is yet urgent need for investigation of our native grasses, 
particularly in the line of thorough, and protracted experiments, to 
determine their productiveness and adaptation to peculiar climatic 
conditions. 

In a country so extensive as ours, embracing such a variety of soil, 
surface, and climate, it cannot be expected that any one kind of grass 
will be adapted to cultivation in all situations. But private experi- 
ments of the kind needed are attended with much expense, and very 
few persons have the means or the time to prosecute them. But it is 
in the power of the Government to conduct investigations which will 
probably result in greatly extending our agricultural resources and 
contribute to the happiness and wealth of the people. Particularly 
in the arid regions of the West new kinds of grasses are needed, 
adapted to the peculiar conditions there existing. 

We present here, from a mass of correspondence, extracts to illus- 
trate the nature of the inquiries which are constantly received by this 
Department. 

A correspondent writes from Alabama as follows : 

I find in this vidiiiity a grass growing about residences and along roadsides, in 
bunches and patches, the value of which I would like to learn more about, ftom 
the places where I find it it would seem to be an important grass just getting a start in 
our lands. It grows well under trees, and in the shade equally as well as in the 
open ground, and, owing to the number and strength of its roots, it grows in hard 
and dry grounds. I find it green now; after an unusually long drought, when aldiost 
all other grasses are burned up. Its rooting capacity is very great; a man can billy 
pull up a small bundle with his hands. I wish to know what is the name of the 
grass, and its probable value as a grazing grass. 

The grass referred to was the /%)oro&oZt*5 J^dicw, described on 
page 50 of the "Agricultural 'Grasses of the United States," and fig- 
ured on plate 50. It deserves attention from South.ern farmers. 

From Texas comes the following : 

I send you herewith a package of grass for which I have no name. This grass I 
consider the most Valuable of air the grasses that I am acquainted with. It is per- 
ennial and grows here aU the year round, furnishing excellent green feed for stock 
at all seasons of the year, except that the green blades freeze in our very coldest 
weather, perhaps two or three times a winter, and then they grow out again in a 
few days. It increases rapidly from seeds, and also reproduces itself from suckers, 
which sprout from the nodes of the culm after the first crop of seeds ripens. I have 
seen these suckers remain green six or eight weeks after the old stalk was as dead 
and dry as any hay, and then they take root and form new plants. It grows well in 
all kinds of dry land. The plants from roots tvom. one to two or three years old form 
large stools from 12 to 18 inches across and have very strong roots, and grow in the 
longest drought almost as fast as when it rains. I am anxious to prove which ^re 
the most valuable grasses for cultivation, because I am confident that they are des- 
tined to become one of our most profitable crops. 

The grass mentioned was PaspaZ-itm dilatatum^ "wMoli is highly 
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recommended for cultivation in the Soutk. It is described in the 
^^Agricnltural Grasses of the United mates/^^ ^ 
Another, writing from California^ says: 

^ I find that there is an intense desire among farmers here to obtain a grass capa- 
ble of resistmg the mtense heats of our siammers, mid also, if possible, one that 
should grow on poor soil. There is no grass known here that wiU thrive tlirough the 
dry sumnaers and autumns, affording gTazing for cattle during that period. If such 
could be had^ It would smiply revolutionize Gahfornia a^iculturally, as many dis- 
tricts are last becommg worthlessfor want of some such resource. This arises from 
the sjstem^ of contmuous wheat cropping, to .w^^ 
l^l^g^ t^^ty years m^^^ 

■ A correspondent, of Lampasas^ County, Texas, writes: 

The^ Texas blue-grass, which you recommended, I have found in my yard. I ob- 
^rved it closely last wmter, not knowing what kind it was until it bloomed. Now 
It has spread by means of underground stolons, until I have quite a quantity of it 
1 also found It growmg luxuriantly in the Colorado bottoms, about 20mae"sfrom 
here. It spreads very rapidly, almost equal to Bermuda or curly mesquite. This I 
thmk,is just the grass! have been lookingfor. We wkrit grasses that will take care 
of themselves, and I think Bermuda for summer aiid Texas blue-grass for winter 
^vdl ans^w-er every purpose. Of native grasses we have two kinds that excel all 
othexB, .One is^Buchlce dacf^Zoides, known as curly mesquite, running mesquite, fine 
mesquite, and^ouffalo-grass. It is a good summer ^ass and fair for winter, as it is 
only partially killed by frost. The other grass is the Stvpasetigera, known as bunch 
mesquitej winter mesquite, and big-bearded mesquite. It is, pre-eminently, the win- 
ter grass^f a large portion of Texas, but of no value for summer. It is biennial, but 
usually thought to be perennial. This grass is found with the live-oak. For culti- 
vated land Johnson grass, alfalfa, and Texas miUet succeed well here. The Texas 
{PamGum Texanum) is undoubtedly the finest forage grass iii existence. 
Morses, cattle, and sheep prefer it to any other kind of hay. It is a sure crop, and 
produces 2 or 3 tons per acre. i'j 

From Camden, Del. , we have the following: 

- Inclosed please find a sample of what is here caUed an air plant. We have always 
been finding small patches of a few square yards in our clover fields, but that 
amounted to nothing, but in a lucerne patch it is very destructive. My own hay 
this _year was absolutely unfit for bedding for stock. As the man who cut it re- 
marked, you could stand at one end of the lot and move the grass at the other so 
qompleteg was it matted. I suppose it must ■ have come in seed procured in Cali- 
remSy ? ^^^^ plant disseminated? What is it? Is there any prevention or 

The plant spoken of ahove is a species of dodder (botanicaily, Cus- 
cuta). It is a parasite, which first germinates in the ground and 
sends np a slender stalk, which attaches itself at once to green plants 
m its neighborhood, and thereafter draws its support from them by 
means of small suckers, which adhere closely to the surface. There 
are many species of dodder, some of which are parasitic upon only 
one particular kind of plant, as the flax dodder, the clover dodder 
&c. In Calif ornia there has been much trouble in fields of alfalfa 
foonr the presence of a kind of dodder^ which, it is stated, was intro- 
duced with alfalfa seed from Chili, and this is probably the kind 
above^complained of. The only prevention of the pest is to make 
sure of sowing only pure seed. The cure, when it gets into a field 
wiU cor^istm cuttmg the crop bef^^ any seed' 

and repeating the process as long as the dodder makes its appearance! 

From Chicago, III, comes the following inquiry: 

; I have^heard of a strong-growing beach-grass that they have used with success in 
staying the shiftmg sand-dunes in the north part of Germany and Holland. We 
liave some similar land at the south end of Lake Mclugan on which we would like 
ta expennient, if we knew the kind of seeaaM where io get it; some&ine- with 
strong roots, t;hat would grow in pure sand, surviving strong winds and winter 
storms, would be a biessmg^ to a large section of this country. wiui^r 
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Tiiere are several grasses employed in Europe for the purposes 
above indicated, but ebiefly the one which is botanically called Am- 
mophila arundin^ It grows on the seacoast in Europe, and 
also in North Araerica. It has no agricultural value, being quite too 
. coarse for food f oi: cattle. : But ihe widely creeping and matted root- 
stocks serve to bind the sands and resist the encroachment of the 
waves. This grass has also been used at Provincetown, or Cape Cod, 
for the above purpose, and the harbor at that place was long pre- 
served from destruction by the care which was taken in setting out 
this grass, through a committee appointed for that purpose. 
-~ A correspondent from Walsh County, Dakota, says: 

- : The question of what is the ibest variety of grass to replace the native grasses, 
which are fast disappearing in this country, is one of vital importance to us. Clover 
has been a failure with ug thus far; the frost destroys it so effectually that not a 
blade can be seen in the spring. Timothy has been only partially successful; a fair 
crop has been obtained the first year, but the second year it appears to get choked 
out by weeds and foul stuff. What we need is some variety that will stand the 
severe frosts of winter, produce a good crop of hay, and make a good, permanent 
pasture. 

There is a very great and; important necessity, not only for Dakota 
but for many other portioiis of t experimental sta- 

tions should be establshed for the testing of all kinds of grass and 
forage plants, in order to qbtain such for cultivation as are proven 
to be adapted to the existing circumstanoes. 

From Uvalde, Tex. : 

Inclosed find a stalk of a wild grass which has made its appearance in Western 
Texas within a few years. It is a perennial grass, comes up in early spring and 
_ matures about the middle of May. It seems to be adapted to this dry climate. 

This is a native grass, growing in most of the Southern States, in 
Texas,^ and extending west to California, In California it is known 
as California timothy, but is not there esteemed of much agrieult*/ 
ural value. In the Southern States it has been cultivated to some 
extent, and is icnown, in some localities as Gilbert's relief grass. 
Doctor Phares says that Mr. Stewart, of Louisiana, prefers this grass 
to others which he has tested, for quantity and quality, for winter and 
spring grazing, and for soiling for milch cows. There is much favor- 
able testimony respecting the grass in the South, and it is deserving 
of extended cultivation. / - 

Again, from Texas: 

We send you this day, by mail, a bundle of grass. It is a true winter grass, 
commg up with the fall rains in October and November; is fine pasture all winter 
for horses, cows, sheep, hogs, &c. No freeze affects it here whatever. Seed ripens 
m April; it dies m Slay, and remains so until fall. Stock do not seem to relish it 
much until after frosts It forms a very thick mat or sod, and is spreading fast 
over our grounds. It kills out weeds that usuaUy come up in the spring. Such a 
grass is worth millions to Texas for winter pasturage. 

"ThiBi^ Broinus imioloMes. v^^^ grass, 
or Schrader's grass, A full account of it is given in the ''Agricult- 
ural Grasses of 1:he United States." Respecting this grass also an- 
other Texas correspondent says: 

; Inasmuch as Western Texas is the great stock-raising section of the Southwest 
and considering the fact that pasturage is scanty, particularly in February, thus 
stunting the growth of young cattle, this grass seems wonderfully adapted to supply 
just what is greatly wanted, both for milch cows, calves, colts, and ewes; and, be- 
sides, it grows well on the thinnest soil and crowds out weeds, while not interfering 
with the native mesquite. I therefore regard it as a wonderful and most important 
discovery. 
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From Putnam Gounty^ Ark^^^ 

This eountry contains millions of acres of land that seems adapted to no other 
earthly purpose than grazing, but the ^ass is so thin upon the ground that it takes 
many acres to maintain one cow, and Gattle must be distributed very thinly along 
ihe water-fronts in order to have them thrive^lDecause^when feed is scarce they are 
obliged to travel too far, and are, consequently, poor in flesh and stunted in growth^ 
whereas if all the land was well seeded to thrifty grass the same land could maintain 
thtee tirnes as many cattle. We want to know if there are not some kinds of 
imported grasses that are good for our purpose, aiid that will grow In our climate, 
between and 35° north latitude on the Pacific Slope. There is in this latitude rain 
only twice a year. The land is fertile, but lacks the proper kinds of grass to furnish 
sufficient pasturage* Are there not some kinds which might be imported from 
Arabia, or some country with a similar climate, which would be an ioiprovement? 

There are millions of acres of arid lands, of the cHaract^ 
aljove desoribed, for whicli the great need is the estahHshment of ex- 
periment stations in the arid districts^ where many kinds of grasses 
and forage plants could be thoroughly tested on a large scale and . 
under skillful and intelligent managers. Such experimentation 
would/uudoubtedly, result in important practical benefits. 

A correspondent, of Taylor County,: Texas, writes as follows : 

I hav^ a body of land lying north of Fort Worthy inithe black, sandy soil, a^^ 
another in the Panhandle country, along the Upper Red River, among the red 
laiids, WMeh I am improving for agricultural and stock-raising purposes. I desire 
to obtain information as to what are, or would be, the best grasses for these regions, 
as the short, curly mesquite and sedge-grasses which abound, while being very nu- 
tritious are not of sufficient growth, and are not suitable for hay-making, nor will 
they support the number of stock to the acre that the soil would warrant, 

-Such inquiries as the above can only be partially answered at the 
preserit time for the want of proper inye^tigations and experime 
By devoting a portion of the Ia,nd to the cultivation of summer crops 
of such grasses as Huugarian, Texas millet, and sorghum it could be 
made safe to keep twice the quantity, of stock. At the same time le^i- 
periments should be made with permanent grasses, such as; Johnson 
grass, Texas blue-grass, orchard-grass, and * any others that give 
promise of utility, including even ^ some of tjhe thriftier and more pro- 
dnctive native grasses of the region, as blue- joint and sotoie of the 
Paniciims. / 
From Savannah, Ga., We have the following: 

In your ^' Descriptive Catalogue of the G-rasses of the IJnited States," page 11, it is 
stated that Fanioum inaximuvi (Guinea-grass), seldom matures seed in tliis country, 
and is usually propagated by division of the roots, and that it is too tender to be cul- 
tivated, except in the very warmest portions of our coimtry. Doctor Phares, in his 
valuable book of grasses, states that whenever it has had proper care the crop is 
enormous, and in Jamaicaj where it is cidtivated extensively, it is held next to sugar 
in value of crop, and that the roots are easily killed by frost and must be proteoted 
in winter. For the information of your fiepartment I beg to state that specimens 
of this grass have been growing in a garden here for several years; that the roots are 
uninjured by our frosts, and that the plants have borne seeds freely, and have been 
extensively propagated from these seeds, 

^Probably this valua;ble gra^s will prove haMy in the southern por- 
tion of the Qulf States anH throughout M ^ 

A correspondent from Missonri sends a specimen of plant, and says- 

This morning a gentleman brought me a sample of a plant he found in a garden 
here that he suspects to be the Canada thistle; I inclose it for ^y We 
have considerable excitement about the Canada thistle, as many farmers are afraid 
it wai get introduced. We have a law against allowing it to ^pw, and I am the 
prosecuting attorney, and wish to have information in regard to it, 

In this case the plant sent was what is called sow-thistle, an annual 
spiny-leaved plant, but easily killed, and not inclined to spread. 
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The iritroduction o£ the Canada tiiistle may well be dreaded in any- 
agricultural district. , . 
From Inyo County, California, a correspondent wri^^^ 

Our cattle often eat something that is poisonous, and 1 am inclined to think that 
the plant I send herewith is that which poisoned them. The cattle swell up and . 
die soon after eating the poison. 

Tke plant gent wag a Bpecies of O of low growth, akin - 

to what is called poison parsley, but of its properties we know little. 
The same Idhd is frequently sent from Idaho and Wyoming, with 
the same complaint of its poisonous character. It makes its appear- 
ance early in the spring, before grass has become plentiful, and cattle 
eat it from hunger and not from choice* It is so abundant that its 
extermination would be difficult. If cattle were well provided with 
hay or fodder they probably would not touch it. Probably it pro- 
duces ft-ot'en, like the effect of over-feeding on green clover. ^ 

From Bakersfield, Cal.> comes the foUowing respecting a poisonous 
plant known there as '4oco'': " ; _ 

It prevails quite abundantly over an extent of 150 square miles in this valley, and, 
I am informed, is found in. other valleys of the State, and also in Arizona. This year 
the army-worm and a minute insect, which* destroys the seeds, have killed a great 
deal of it; but, if not molested, it will soon flourish to as great an extent as ever. 
I think very few, if any, animals eat the loco at first from choice; but, as it resists 
the drought until other food is scarce, they are at first starved to it, and, after eat- 
ing it a short time appear to prefer it to anything else. Cows are poisoned by it as 
well as horses, but it takes more of it to affect them. It is also said to poison sheep. 
As I have seen its action on the horse, the first symptom of the poisoning is halluci- 
nation. When led or ridden up to some little obstruction, such as a rail or bar, 
lying in the road, he stops short, and, if urged, leaps as though it were 4 feet high. 
Next he is seized with fits of mania, in which he is quite uncontrollable, and some^ 
times dangerous. He rears, sometimes even falling backward, runs or gives several 
leaps forward, and^enerally falls. His eyes are rolled upward until only the white 
can be seen, which is strongly injected, and, as he sees nothing, he is as apt to leap 
against a wall or a man as in any other direction. Anything that excites him ap- 
pears to induce the fits, which I think are more apt to occur when crossing water 
than elsewhere^ and the animal sometimes falls so exhausted as to drown in water 
not over 2 feet deep. He loses flesh from the first, and sometimes presents the ap- 
pearance of a walking skeleton. In the next and last stage he only goes from the 
loco to water and back; hil gait is feeble and uncertain; his eyes are sunken, and- 
have a flat, glassy look , and his coat is rough and luster less. In general, the animal 
appears to perish from starvation and constant excitement of the nervous system, 
but sometimes appears to suffer acute pain, causing him to expend his strength in - 
running wildly from place to place, pawing and rolling, until he falls and dies in a 
few minutes. 

We invite further information from those acquainted with the 
plant and its poisonous qualities. 

The plants sent were those of Astragalus lentiginosus, locally called 
"rattle-weed" and "loco." It belongs to the order Leguminosce, and 
is somewhat similar to lucern in appearance, and produces bladdery 
pods, in which the seeds rattle when ripe. Hence the name ^'^rattle- 
weed;'' 

In Colorado and New Mexico the same disease among horses and 
cattle is produced by the Astragalus mollissimus and other allied 
plants. The losses of stock from the eating of these plants has been 
very great. 

From Wellborn, Fla. : 

Inclosed I send you, for identification, a forage plant called here beggar-weed." 
It is a nuisance in our Cotton fields, yet all our .planters are anxious to ^et it into 
their fields. It gi^ows from 1 to 6 or 8 feet high. All kinds of stock eat it with greedi- 
ness and fatten on it, and can work daily with nothing else. It has large, spread- 
ing roots, and J think it would enrich the ground as much as clover if plowed under. 
Persons sometimes go 20 miles to strip the seed to get a start. 
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TMs plant is a species of Desmodiimi, mYeTBl Mnds oi w grow 
ttrQughout tlie country, and are commonly called '^beggar-lice,^' from 
their appearance and from adliering tenacionsly to tne clothing of 
passers-by. The species sent would not probably be hardy in the 
Northern States, 

From Gainesville, Fla. : 
: Vanilla beans are quoted in New York at from $7 to $12 per pound wholesale. 
Can you inform me if the climate and sofl. of Florida axe adapted to their growth?" 

From Tucson, Ariz. : 

During the past year I have discovered tobacco growing wild in the mountains of 
Arizona. Have you any record of the existence of wild tobacco in this region ? 

Several species of wild tobacco were cultivated by the Indians. 

One species {Nicotiana rustica) was cultivated by the Indiana in 
Kew Mexico and Arizona, as observed by Dr, Ed; Palmer, 4^nother 
species (Nicotiana quadrivcdvis) was cultivated by the Indians from 
Missouri to Oregon. One or two other species are recorded as having 
been cultivated in Calif ornia. 
From Philadelphia, Pa. : — 

I wish, to utilize a strong, wliite fiber which is furnished by the plant called 
*^ bear-^grass," which grows in the Southern States, To do so economically and profit- 
ably requires that the plant should be found in large quantities in gome particular 
locality. Can you inform me of any place where it grows in sufficient quantity for 
that purpose? 

From Savannah, Ga. : 

Can you give me the botanlGal name and descriptiGn of the inclosed plant? It 
grows in a wild state in Brooks County^ Georgia, and is known among the negroes 
as * : poor man's salve," and a wonderful efiScacy is claimed for it in <;iiring old sores 
and mdolent ulcers, : 

The plant is a species of Oroio^/ which grows eoTnmonl^ in the 
Southern and Western States. 
From Norfolk, Va. : 

I send a few cork-oak acorns, grown on a tree produced from an acorn planted 
about 1860 or 1861. The original acorns came from Washington Patent Oflace, I 
think, and being planted just before the war were neglected, and only three of the 
five have lived, and they being too close together to develop. ThQ largest tree is 
about 14 inches in diameter and about 30 feet high. This is the first year I have 
ever seen acorns. The cork is about % inches thick, and too porous for use. 

A large quantity of these cork-dak acorns were distributed in the 
Southern States aoout the time mentioned above and many of them 
grew. Reports Goncerning such have been received from South Car- 
olina and Georgia, where trees are probably s growing. No bark 
has yet been produced of sufficient thickness and compactness to be 
serviceable for the manufacture of corks. \. I 

S'rom Titusville, Fla. : 

I send you a package containing a plant that is said to be the best known specific 
for dysentery and all bowel complaints. It is said 'to be an old-time remedy in 
the Southern States. It is called "flux-weed." I will be thankful if you will give 
me the name and medical properties of the plant. 

This IB Gfalium Jiispidulum, a low, spreading plant of the order 
Eubiacem, We have no knowledge of its medicinal properties. 
From Texas: 

I indorse a plant called " Indian blood- weed." Please identify andtjlassify for me. 
It grows mostly along the foot of the * ' red hills " (which are rangesof flat hills con- 
taining iron). It was used by the Indians for purifying the blood and curing skin 
diseases. I have seen it tised by the settlers and herders, who made a tea of it, 
wMch in all cases proves beneficial in cui±ag sores or skm^d^^ short time. 



REPORT OF THE BOTANIST. 77 

The plant referred to is a species of Ephedra^ a sing-ular looking, 
leafless, or nearly leafless, shrub/ growing in the southwestern arid 
districts. It is a popular- remedy in those regions, and probably has 
active properties. _ : 

iFrom West Virginia : 

I send you a specimen of shrub which grows in mountainous situations in this 
State, and wbiGh is called mountain-tea. It is used as a substitute for ordinary tea 
of commerce, and is said to be as pleasant and agreeable to the taste as that article. 
Please inform me of its botanical name. 

The plant is botanically called (7o7?ipfonm asplenifolia, growing:, 
abundantly in the Northern States, where it is called sweet-fern. '^ 
There are a number of other substitutes for tea employed in differ- 
ent parts of the country, as, Ceanothus umericanus, or New Jersey 
iesi; Sida stipulatay Si small malvaceotis plant; Ilex cassine, the black 
tea of South Carolina, and others. 

From Burnet County, Texas: 

This day I send you by mail a species of a grass which is our best forage plant for 
winter pasture; It grows rapidly all winter, and is ready to go to seed in ApriL- 
Stock of all kinds are very fond of it. It is never killed or even injured by coM in 
the winter. The seeds are large enough to be ground, and probably would make 
good breadstuff . Please let me know the name of the grass. 

The grass is JSr^omus unioloides, a native of Texas and the South- 
west, and is undoubtedly one of the most valuable of grasses for win- 
ter pasturage in that region. 

From an Army oflScer in Montana, transmitted by the Quarter- 
masteir-General: 

. I have the honor to send herewith samples of a weed found among the wild-grass 
hay delivered here under cuiTent contracts. In small quantity it appears to do no 
harm, but when present in greater amount among hay out in creek bottoms, par- 
ticularly in swampy; spots, it causes griping and spasmodic action in the legs, fol- 
lowed by looseness in the bowels and general weakness. Mules and horses avoid 
eatinif it as much as possible, but farmers assert that cows do not mind it and eat it 
with impunity . I would be glad to have the name and character of the plant deter- 
mined* ■ ' 

The plant sent with this communication proved to be Smilacina 
stellata, a common plant in mountainous regions, especially in the 
Northern States and Eocky Mountains. It is related to the Conval- 
Zaria or the lily of the valley, so called in cultivation. We have no 
previous record of the peculiar properties noted in the above instance. 

From Ennisv Tex: 

Inclosed we send you a twig of a shrub which abounds on some of the hills of 
Central Texas, and is commonly Jinowh as prickly currant. As you will observe 
it resembles holly, and we think it must belong to the same family. Will you 
kindly determine its botanical name, and let us know at your earliest convenience ? 

The specimen sent belongs to a species of barberry peculiar to Texas 
and the Southwest, the botanical name of which is Berheris trifol- 
iata. The leaves are thick and spiny-toothed, somewhat like the 
holly, but much smaller. The bush, which is 3 or 4 feet high, is very 
spiny, and has bunches of red fruit somewhat like the currant in 
appearance. 

From Fremont County, Wyoming : 

Please let me know if you have or if there is any grass seed such as will grow 
m thm chmate. ^ The chmate is dry and the altitude high, and in the summer months 
there is a scarcity of water; consequently we cannot raise hay, and wild^rass bv 
being pastured so much, seems to grow shorter every year. The soil is good/but 
sandy. We want a grass that will grow in such a climato and make a ffood hay 
even by irrigating in the spring as long as water lasts. o j j 
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From a seed-mercMant, Gliicago, lU. : . 

Kindly name the inclosed specimen, and let m,e know what it is m soon as pos- 
sible^ 

!Froni SpartanBurg, S. G. : : 

I send you herewith a pod of a plant growing-in thii State having an abundance 
of fine, silky hairs attached to the seed. I would like to know if this fine delicate 
fiber can be utilized in any way. I think the plant also possesses medicinal prop- 
erties, and would be glad to know if such is the case, 

The pod. belongs to a kind of milkweed/ botanicallj called '^Ascle- 
'pias tuberosa/' or, popularly, pleurisy root,-' because it is employed 
m cases of pleurisy and other diseases. The silk^ fibers of the seeds 
are like those of all the milkweeds, of which there is a large number 
of species^ and the inquiry as to its economic use is often made ; _ 
butj although very delicate and beautifulj it lacks tenacity, and can- 
not be spun by itself into a thread. 

From Florida : 

We are alarmed here at the appearance in our fields and orange groTes of what is 
called '-nut-grass," and which bids fair to double our labor in cultivation. Tearing 
up by the roots and even sifting the soil have proved of no avail in getting rid of it. 
May I beg that you will indicate as soon as possible the best and quickest means for 
its destruction? ' 

The nut-grass^ or coca as it is also called, is one of the worst pests 
of agriculture in the South. The botanical nam^ is Ct/Jper^*5ro^wd^^5. 
Mr. Elliott, in his Botany of South Carolina and Georgia," says of 
. this sedge: : ■ ■ ' ' '\ \ ■" - ' 

It is becoming a great scourge to our planters. It shoots from the haseof its stem 
a threadlike fiber, which descends perpendicularly from 6 to 18 inches, and then 
produces a small tuber. From this horizontal fibers extend in every direction, pro- 
ducing new tubers at intervals of 6 to 8 inches, and these immediately shoot up 
Stems to the surface of the earth, and throw out lateral fibers to form a new prog- 
eny» This process is interminable, and it is curious to see what a chain or net- 
work of plants and tubers can with some care be dug up in loose soil. The only 
process yet discovered by which this grass can be extirpated is to plow or hoe the 
spots in which it grows every day through a whole season. In their perpetual efforts 
to throw their leaves to the light the roots become exhausted and perish, or if a few 
appear the next spring they can easily be dug up. This experiment has been suc- 
cessfully tried by John McQueen, esq. , of Chatham County, Georgia. 



This account was written more than sixty years ago. The method 
given for destroying the pest is applicable to the present time; and 
is perhaps as good as any one known, r " - 

From editor of the Courier- Journal^ Louisville^ Ky. : 

Inclosed we hand you a specimen of a plant received from a cGrrespondent at 
Salem, N. C. Please name it for us, aiid :give any information which there may be 
about it of any special interest. 



From the comroissioner of agriculture for Georgia: 

I will be obliged to you if you will name the grass of which I inclose a speci- 
men, stating its economic value. The grass grows in bunches in fence corners 
stems from 5 to 7 feet high, leaves from 8 to 13 inches long. It is sent to me froni 
Washington County in this State. 

FOREIGN INQUIEIES, ETC. 

From the Government Botanical Gardens at Saharamper, North- 
western India: 

^ lam just now studying the glasses of mrther^^^ reference to 

their relative value for forage or fodder, and as many of our best kinds occur also 
m -A^merica, the mformation given in your book (" The Agricultural Grasses of the 
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United States") is of Tery great value. In Upper India we have extensive tracts 
(called usar land) devoid of cultivation, owing to an excess of saline ingredients in 
tlie soil (salts of soda). There' are two or three kinds of grass which apparently 
thrive in such soil, one of which, called "usar grass " (Sporobohis tenadssimus), rep- 
resents the only vegetation over extensive areas of this usar land; the other grasses 
which affect usar in less abundance sire Eragrostis ciliaris and J7. eynosuroides. 
The Sporobolus appears to be a good fodder grass, as it is greedily eaten by cattle. 
I can not help thinking that it would be well worth while trying to introduce from 
othfer countries any species known to thrive in saline soil, and I should be extremely 
obliged if you could put me in the way of obtaining the seed of such kinds. 

The usar grass ato ve referred to is , according to a figure of the plant 
in Illustrations of the Forage Grasses of Northwestern India/' very 
closely related to owo Sporobolus cryptandrus, which abounds on 
the arid plains of the West. 

From Timaru^ New Zealand: 

Noticing in an Australian paper an account of some of your native grasses, which 
would seem to be desirable to add to present varieties in New Zealand, I take the 
liberty of writing you upon the subject. Unfortunately our native grasses are nearly 
ail delicate, fine annuals, which disappear before heavy stocking. The prevailing 
grass or tussock (Poa ausfralis) is a wiry, hard grass, that yields no feed except when 
burned in spring and the tender, green shoots spring up. Thereafter it becomes a 
hard, wiry bunch-grass, that sheep never eat, and seems to serve for shelter to the 
finer sorts. There appears plenty to eat, but sheep do not touch it unless starvation 
drives them. Cultivation has driven out the native grasses, and those sorts com- 
mon to England are in use here. We want varieties which might thrive here. The 
only one yet that does is Kentucky blue-grass. 

From Prnssia/ Europe: 

I have for a number of years been experimenting with various plants at the Agri- 
cultural Institute of the Halle University, and would like to do the same with the 
native buffalo-grass of the United States, which is illustrated and described in the 
Annual Report of the Commissioner of Agriculture for the year 1880, I hare not 
been able to get the seed in Europe. 

RELATION TO OTHER BRANCHES OF THE DEPARTMENT. 

The natural sciences are intimately related to and dependent on each 
other. The plants which are the care of the Botanist are often sub- 
ject to the destructive depredations of insect f oes^ and the aid of the 
Entomologist has to he obtained to learn the name and history of such 
insects. Again, the Botanist and the intelligent cultiyator of plants 
find that insects have much to do with the fertilization of plants, and 
that without their aid/ in many eases, the production of fruit would 
be much diminished or entirely fail; in other words, success in cer- 
tain crops is largely dependent on the good offices of these insect 
friends. In such instances as these botany and entomology come into 
close connection. ; 

The Chemist is often required to make an analysis of plants or veg- 
etable products having medicinal or poisonous properties, and he finds 
it important to know the name, botanical character, and affinities of 
such plants or products, and for that purpose calls in the aid of the 
Botanist. The Ornithologist may be pursuing investigations into the 
food habits of birds to ascertain which are granivorous, and which are 
insectivorous. He finds that he needs the assistance of the Botanist 
in identifying the seeds and grains which he finds in the stomachs of 
his birds. 

Thus each division of the Department is an aid to the other, and the 
development of each is required not only for its own work, but also 
for the aid which it may furnish the others. The following statement 
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from tke Diyision of Entomology indicates how botany aids that 

Bcience: - - ■ 

Very frequently insects axe sent to the Division of Entomology for determination 
and report f accompanied by specimens of their food-plants. The latter are fre- 
quently in a fragmentary condition, and when known to the sender are known only 
by some local name. In such cases as this it is our custom to consult the Botanist, 
and the information which we obtain from hinx is of maferial aid to our own divis' 
ion. The two divisions are/in fact/closely Telated^m^^ 

The Chemist states as followsr ^^^^^^^^^^^ 

The relations of the Botanical to tiie Chemical Division are of the most important 
nature. A large part of the plant material which is sent to the Chemist must be 
acourately identified by the Botanist before being submitted to analysis, in order 
that there may be no doubt as to the exact species examined. The data are thus 
preserved for the future and accurately iaxed as relating to some particular plant 
On the other hand, this identification prevents the reJ)etition of an analysis, by mak 
ing it possible to search for previous analyses of the known species in hand. 

In studies of the adaptability of plants to cHmatic condition the Chemist and Bota- 
nist work hand in. hand, and in all the analytical investigations which are under- . 
taken by the Chemical Division the confidence that their results are applied ra the 
right pla-ces is due to the certainty derived from the identifications of the BolBnist. 

As an example of the manner in which the two divisions work together may be 
cited the studies at present being made of one of the prickly pears of Texas, which 
is attracting attention as of value for stock.. The Botanist s knowledge as to the 
growth and distribution of the plant and his observations of its habits of growth . 
are a necessary complement to the chemical study of its food value. 

With an increased force the fields which the Botanical Division might enter in 
conjunction with the Chemical would be niimerous. 

The relations of the Botanical to the Seed Divisioii are becoming 
increasingly important. In the purchase of seeds for distribution 
the Botanist's, knowledge of the natural habits of a plant is essential 
to the determination of its probable agricultural value. Some of the 
native grasses investigated by the Botanist have been introduced into 
cultivation through the Seed Division; and further work of the kind 
is needed to supply the demand for grasses adapted to different parts 
of the country. Every year the aid of the Botanist is required to de- : 
termine the purity of seeds purchased by the Seed Division for dis- 
tribution. 

The relation of the Botanical to the Horticultural Division is too 
obvious to require mention. The greenhouses and grounds are a 
constant source of supplies to the herbarium, and each division is an 
aid to the other in many ways. - 

INVESTIGATION OF FUNGOUS DISEASES. 

At the last Congress an appropriation was made for the investiga- 
tion of the fungous diseases of plants, such as mildew, smut, blight, 
grape-rot, potato-rot, &c., and for experiments necessary to deter- 
mine suitable remedies for those diseases. The mycological section 
has accordingly been organized, and is conducting investigations 
in this line of work which will, it is hoped, result in great good, by 
preventing the immense losses which farmers and horticulturists are 
subject to by the frequent occurrence of those diseases. Special bul- 
letins on the subject will be published for general distribution. > 

DIRECTIONS TO COKRESPONDENTS. 

; ; In order that the division may be more useful to those who consult 
it, the following directions regarding plants for identification are 
inserted. Plants are often received by the Botanist for name in so 
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imperfect a state that the desired information cannot be given. 
Additions to the herbarium are constantly being made of even 
ordinary plants, for the purpose of exchange, &c., and when not 
of further use to the sender specimens sent are of ten added to the 
herbarium, and it is desirable to have them suitable for the purp>ose. 

PERFECT SPECIMENS. 

Not every j)lant can be recognized at sight even by botanists; but 
any plant which has been described and named can be identified if 
perfect specimens are furnished. In the case of new plants, which 
are still occasionally found, it is especialljr important to have good 
specimens, in order that they may be classified and named. 

Sometimes perfect specimens cannot be obtained at the time infor- 
mation is wanted. In such cases whatever can be had may be sent 
and may prove sufficient, but as full a description as possible should 
be given of the parts not obtainable. 

A perfect specimen includes all parts of the plant or samples of all 
parts, though some parts are more important in identification than 
others. The flower is the part usually most essential; any other part 
can better be wanting than this, and in most cases this is furnished. 
With all ]3lants, however, the fruit is also important, and manj cannot 
be determined without it. Dry fruits require less care in preparation 
than flowers, are less likely to be injured, and are more easily exam- 
ined. ISTotwithstanding these facts, the specimens received at the 
herbarium from both botanists and others are much more frequently 
defective in the fruits than in the flowers. The leaves are always im- 
portant and are seldom omitted, but inmany herbs the radical leaves, 
or those from the base of the stem, dilEer in form from the others, 
and these are not always furnished. 

In some plants certain parts are more important for identification 
than the same parts in other plants. With herbs it is important to 
know whether they are annual, biennial, or perennial. To determine 
this requires the root as well as stem. If this is not furnished, the 
duration of the plant should be stated. With sedges it is essential to 
ha,ve the full-grown fruit, though desirable to have the flowers also. 
The habit of growth in sedges, whether singly or in tufts, is a dis- 
tinctive character, which the specimens should show. . With grasses 
it will usually be sufficient to gather specimens soon after flowering, 
though if some be in flower and others ripe it is better. The difficulty 
with fully-ripe grasses is the liability of the seeds and chaif to scatter. 
The rootmg portions of grasses should also be furnished, as this is 
especially important in determining their agricultural value. 

PREPARATION OF SPECIMENS. 

It is not necessary tq Jiave living specimens for identification. Prop- 
er !y dried plants are nearly as good. They can be more easily and 
safely transported, and may be examined at any time. If dried 
qui(ddy under pressure, in the manner of herbarium specimens, they 
rr^tain essentially their original shape, something of their color, and 
do not become brittle, as when dried in the open air. 

Ill drying, the plants should be placed between folds of absorbent 
paper (newspaper will answer) and subjected to a pressure of 25 to 50 
poands, accordixig to nature of the specimens and the amount under 
pressure. As the papers become damp the plants should be removed 
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to frest ones. THs should at first be done as often as once a day. 
If considerable paper is used tlie plants will require to be dianged less 
frequently and will be less likely to become discolored if neglected. 

Plants sliould be gathered when dry^ and preferably in dry weather. 
In the collection of specimens botanists commonly carry drying pa- 
pers into the field and place the jDlants in them as soon as gathered^ 
liolding them in place by straps. When this is not convenient a tin 
collecting case is often used, which keeps the plants from wilting 
until they can be placed in the drying papers, A very good substi- 
tute for such a case is ordinary paper, in which the plants may be 
wrapped as gathered. In placing the plants in the papers to dry, 
have but one kind on a sheet, and j)laee with it at once a label bearing 
the date and place of collection, with the name, if known,, and any 
other particulars desired. Fleshy plants will need to be divided to 
dry properly, and thick specimens to prevent them occupying too 
much space. Seeds may be placed in an envelope and deposited with 
the remainder of the plant 

SOME NATIVE CLOVERS. - 

There are in the United States 40 species of native clovers {Trifa 
Hum), 

The larger number of these belong to the Pacific side of the conti- 
nent, and to Utah, Idaho, and Montana; a few species belong to Texas 
and the Southern States, two or three of which extend northward in 
the States adjacent to the Ohio and Mississippi Rivers. 

None of our native species have been cultivated so far as is known, 
although several of them are of as large and vigorous growth as the 
common red clover, and are worthy of trial,- as they may prove bet- 
ter adapted to some soils than that species. We give descriptions and 
figures of the most promising ones, and suggest that in the sections 
where they grow they should be subjected to experiment. 

Trifolium fiicatum, _ . : 

This is one of the largest and strongest growing of our native kinds, 
and is found on the Pacific coast. Under favorable circumstances it 
attains a height of 2 to 3 feet. The stem is decumbent, smooth, thick, 
and juicy. The stipules at the base of the leaf are half an inch to an 
inch long, ovate, broad, and clasping the stem. The lea^ves are trifoli- 
ate, with stems or petioles 3 to 6 inches long; the leaflets vaiw from 
roundish or oblong to obovate, thickish, strongly veined, three-iourths 
of an inch to an inch and a half long, and with numerous small, sharp 
teeth on the margins. The flower heads are large (1 to 2 inches in 
diameter), larger than those of the common red clover on naked 
peduncles (stems), which are longer than the leaf -stalks (sometimes 5 
to 6 inches long). There is a conspicuous green involucre surround- 
ing the base of the flower head deeply divided into 7 to 9 ovate, entire, 
and pointed lobes, which are about half as long as the flowers. The 
heads contain comparatively few flowers (about 8 to 10), but these 
are about an inch long, thick and inflated, the calyx about one-fourth 
as long as the corolla, which varies from pink to purple in color. Mr. 
S. atson, in the Botany of Calfornia,^' says of this: ''A common 
species in the Coast Ranges and in the foot-hills of the Sierra IJ^evada 
through the length of the State^ — in some places very abundant anc 
affording good pasturage." It would seem very desirable that this 
species should be given a fair trial in cultivation. (Plate I.) 
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T7'ifolmmmegacephalum{h^ 
A low species^ seldom reacMng a foot in lieight, but robust and 
witli strong, deeply penetrating roots. A nnmber of stalks usually 

Eroceed from one root, but tbese stems are unbrancliing, somewliat 
airy, and terminate witb a single large head. The leaves mostly 
proceed froin tlie base of the stem, there usually being but one pair 
on the stalk near the middle. The lowest leaves are long-stalked, 
and with 5 to 7 leaflets instead of 3, as in most clovers, but the upper 
ones are sometimes reduced to 3 leaflets. The leaflets are an inch 
long or less/ some w^hat wedge-shaped or obovate and blunt at the 
apex, and with very fine, sharp teeth on the edge. The stipules at the 
base of the leaves are large, mostly ovate in form, and sharply toothed 
or deeply cut. The heads are mostly terminal, about l-J- inches long, 
en a naked peduncle, and without an involucre. The flowers are 
large, purplish, about an inch long, and very compact and spicate in 
the head. The calyx, with its long, plumose teeth, is half as long 
as the corolla. This species grows in the mountain region of Cali- 
fornia, Oregon, Washington Territory, JTevada, and Montana. It is 
not as large as the common red clover, but experiments are needed 
to deterniine its possibilities for pasturage. Its large, showy heads 
and its peculiar leaves would make it an interestmg ornamental 
species. (Plate 11.) 

. Trifolium involucratiim. ■ 

This is an annual species, presenting a great variety of form, but 
under favorable circumstances reaching 1-J- or 2 feet in height and of 
vigorous growth. The stems are usually decumbent and branching 
beTo w, very leafy, and terminating with 1 to 3 heads on rather long 
peduncles. The leaves are on stalks longer than the leaflets, which 
are in threes, one-half inch to an inch long, of an oblong or obovate 
form, smooth, and with very fiiie, sharp teeth on the margins. The 
stipules are large, ovate, or lanceolate, and usually much gashed or 
deeply toothed. The heads are long-stalked, about an inch long, the 
purplish flowers closely crowded, and surrounded with an involucre, 
which is divided into numerous long-toothed lobes. The flowers are 
half to three-fourths of an inch long, slender, with a short, striate 
calyx, the teeth of which are very slender, entire, and pointed, and lit- 
tle shorter than the corolla. This species has a wide range of growth 
in the western part of the continent, prevailing from Mexico to Brit- 
ish America through the mountain districts. Under cultivation it 
would f)robably produce a good yield of fodder, but has never -been 
subjected to experiment so far as known. {Plate III.) 

Trifolium stoloniferum {Rmming buffalo clover) • 

This is a perennial species, growing about a foot high; long run- 
ners are sent out from the base, which are procumbent at first, be- 
coming erect. The leaves are all at the base, except one pair at the 
upper part of the stem. The root leaves are long-stalked, and have 
three thinnish obovate leaflets, which are minutely toothed. The 
pair of leaves on the stem, have the stalk about as long as the leaflets, 
which are about 1 inch long. The stipules are ovate or lanceolate, 
pointed, and entire on the margins, the lower ones nearly an inch 
long, the upper ones about half as long. There are but one or two 
heads on each stem at the summit, each on a peduncle longer than 
the leaves. The heads are about an inch in diameter, rather loosely 



84 



BEPOBT OF THE COMMISSIONER OF AGRICULTURE. 



flowered, eacli flower being on a short, slender pedicel, or stem, whicli 
bonds backward at maturity. Eacli flower lias a long-toothed calyx 
about half as long as the corolla, which is white, tinged with purple. 
This species is found in rich, open wood-lands and in prairies in Ohio, 
Illinois, Kentucky, and westward. It is smaller in size and less vig- 
oimis in growth than the common ^^^^ (Plate IV.) 

Trifol'mm (7aroZmantm (Soutliern clover). 
A small perennial clover, having much resemblance to the common 
white clover. It usually grows from G to 10 inches high, somewhat 
pubescent, the stems slender, procumbent, and branching. The leaves 
are trifoliate, on petioles of variable length. The leaflets are about 
hali an inch long, obovate, wedge-shaped at base, and somewhat 
notched at the summit. The stipules are nearly as long as the leaf- 
lets, ovate or lanceolate, and slightly toothed above. Each stalk has 
usually two long-stalked heads, proceeding from the upper -joints. 
The roundish heads are from one-half to three-fourths of ^ an inch in 
diameter, without an involucre, and with numerous crov/ded, small 
flowers on slender pedicels, which become reflexed in age. The long 
lanceolate teeth of the calyx are slightly shorter than the small, 
purplish, pointed corolla. The pods are usually four-seeded. This 
species occurs in all the Southern States and in Texas. It is too small 
to be valuable for fodder, but is worthy of trial as a constituent of 
pastures in the South. (Plate V*) 

WEEDS OF AGRICULTUEE. 

The majority of our most troublesome weeds are plants introduced 
■ from other coxintries. As a locality becomes cleared up and brought 
into cultivation the character of the spontaneous vegetation always 
undergoes marked changes. Many oi the native plants disappear, 
others become more abundant^ and new plants introduced from for- 
eign countries, or other parts of the same counti'y, frequently become 
the prevailing vegetation. ^ - ^ 

Owing to the conditions of modem commerce and the natural pro- 
vision for their distribution it is practically impossible to long ex- 
clude outside weeds from any considerable district. :The weed laws 
of various States have done much to call the attention of agricult- 
urists to the most troublesome weeds, and have in many cases re- 
tarded their introduction and distribution, but it is not to be ex- 
pected that through any agency our worst weeds will become so sub- 
dued as to require no further attention. An account like this can 
only furnish the means of recognizing some of the more pernicious 
ones, and give some account of their origin and methods of propaga- 
tion, with suggestions for keeping them in check or eradicating them 
for a time. 

If the plants troublesome in cultivated crops were only such as 
were always and everywhere recognized as weeds, the question would 
be much simpler. Unfortunately many of our worst weeds were 
first introduced as usefuh plants. Alarge number have escaped from 
flower gardens, as Indian mallow, toad-flax, and daisy. Many plants 
are useful in one locality, but known only as weeds in another. 
Oook's-toot {Panicimi C'rus-galU) is coaTse grass, very troublesome 
in gardens in many Korthern States, but in the South it is a valu- 
able fodder plant. Besides these, there are plants of common culti- 
vation which act as weeds, and are difficult to eradicate when it is 
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desired to grow other plants. Kentucky blue-grass, one of the most 
valuable forage plants known, is quite difficult to subdue, owing 
to its creeping root-stocks. On this account many farmers aim to 
exclude it from their farms, preferring such plants as clover and tim- 
othy, which, though inferior in some respects, are more easily sub- 
dued. 

The following general hints on the destruction of weeds may be 
found of use. vvhether it be profitable to attempt the complete ex- 
termination of weeds will depend on the price of land and labor, the 
kind of crops to be grown, &c. There can be little doubt, however, 
that the more troublesome perennial and biennial weeds can usually 
be eradicated altogether with profit, especially where they are not 
yet abundant: 

HINTS ON itlLLINO WEEDS. 

1. Plants eannot live indefinitely deprived of their leaves. Hence 
preventing their appearance above the surface will kill them sooner 
or later. 

2, Plants have greater need for their leaves, and can be more easily 
killed in the growing season than when partially dormant. 

: o. Cultivation in a dry tim^ is most injurious to weeds and bene 
ficial to crops. 

4. Avoid the introduction of weeds in manure or litter or from 
weedy surroundings. Some gardeners use no stable manure on 
grounds they desire to keep especially clean, relying on commerciar 
fertilizers and the plowing under of green crops. 

5. After a summer crop has ripened, instead of allowing the land 
to^ grow up to weeds it is often well to sow rye or some other crop to 
cover the ground and keep them down. 

6. Give every part of the farm clean cultivation every few years 
either with a hoed crop or, if necessary, with a fallow. 

7. It is often stated that cutting weeds while in fiower will kill 
them. This is only reliable with biennials, and with them only when 
done so late that much of the seed will grow. 

8. If the ground is kept well occupiea with other crops weeds will 
give much less trouble. Keep meadows and roadsides w;ell seeded 
and plow-land cuKivated, except when shaded by crops. 

Cnicus arvensis (canada thistle). 

This thistle grows usually to the height of 2 or 3 feet, the stems 
very leaf y and much branched, with the flower-heads gathered into 
small clusters at the end of the branches. The stem and branches are 
not winged by decurrent leaves, as they are in many other species. The 
leaves are comparatively small, those of the stem being mostly 3 to 6 
inches long, about half an inch wide in the main part, with three or four 
prominent lobes on each side, and armed on the edges with an abund- 
ance of sharp, rather stiff, prickles, which are 1 or 2 lines long. The 
heads of the flowers are mostly less than an inch high, with a close in- 
volucre, the small scales mostly without prickly points. The fiower- 
heads are mainly dioecious; that is, those of one plant are male only, 
while those of other plants are female only. The plant has creeping 
root-stocks, which spread deep beneath the surface and send up new 
stems, thus multiplying the plant. Although this plant is called 
Canada thistle, it is really a native of Europe, and has been intro- 
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duced into this country^ probably first into Ganada and from thence 
into the United States. 

The Canada thistle nearly or qnite fails to seed in rnanj^ localities^ 
spreading chieiiy by the rnnning root-stocks, so that it is not very 
rapidly disseminated. The f ailnre to seed is donbtless mainly dne to 
its dioecious character^ as, if completely so, no seed wonld be formed 
where a patch originated from a single plant. It is not yet tronble- 
some to any extent beyond the Eastern and Middle States. It prefers 
a heavy soil, bnt on such land is most easily killed. In pastures, or 
wherever the land is compact, if only a few plants appear they may 
often be killed by pulling them up a few times. Larger patches should 
be plowed deeply about once a week in the growing season, or each 
time before any plants apx3ear above the surface. After each plowing 
rolling is advantageous, especially on sandy soil. There are numer- 
ous instances where fields of this weed have been completely killed in 
a single season in time to sow winter wheat. Gases have been re- 
ported of Ganada thistles being killed by a single cutting at a certain 
period of growth. In some of these instances at least the plant has 
proved to be some other thistle. If the characters above given are 
borne, in mind, especially the fact of the creeping foot-stocks and of 
its growing on dry land, there wiU be little danger of this mistake. 
- Plate VI, Fig. 1, a portion of the stem, leaves, and flower-^heads; 
Fig. 2, a portion of the running root-stock; Fig. 3, a single flowerj 
with the seed and pappus. 

Arctium Lappa [huTdock), 
A well-known biennial plant of the natural order CoinpositcB, 
: which, like many of our common weeds, has been introduced from 
Europe. It has a thick branching stem, 3 to 5 feet high, with round- 
ish heart-shaped leaves 3 inches to a foot or more long, the lowest on 
long stout stalks, the upper ones nearly sessile, the margins undulate 
and sometimes erosely toothed. The flower-heads are roundish, about 
an inch thick, mostly in small clusters at the ends of the branches. 
The scales of the involucre are extended into hooked points, which 
adhere to the clothing or to the hair or wool of animals. Within the 
involucre are a number of slender purplish flowers, each containing 
anthers and styles of the kind peculiar to this order, and at the base 
of each flower is the seed, surmounted with a number of slender 
bristles." 

There are several varieties of this species, differing in the size of the 
heads and in other points, which varieties are by some called ^* species. " 
It gives but little trouble in cultivated land, being found in waste 
places about buildings and fences, and occasionally in meadows where 
the seeding is thin. It prefers strong soil, and its presence is consid- 
ered a sign of good land. Though not a serious weed in cultivated 
crops, its unsightliness and the annoyance of its burs in the wool and 
hair of animals make it desirable to try to exterminate it, especially 
as it is one of the easiest vreeds to get rid of. One of the best times 
to destroy it is in the fall when the leaves are conspicuous and time is 
less pressing. It is killed any time if cut below the crown. It may 
also be killed by being mowed when the seed has fully formed, and 
the tops burned. If cut while in flower, as sometimes recommended, 
a second crop of seed will generally be produced. 

Burdock has some reputation in medicine as a blood purifier and for 
rheumatism, its value is probably slight. It is l^nown in England as 
hare-bmrs or hurrburr, and the young shoots, after being stripped of 
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their rind/ are occasionally used as a substitute for asparagus. In 
Japan it is cultiva^ted under the name of gobo, the root, growing to 3 
or 4 inches in diameter and often 2 feet longv being used much as we 
use salsify. 

Plate VII, Fig. I, a branch of the small variety; Fig. 2, a single 
flower magnified; Fig, 3, a portion of the large-headed variety — major._ 

Xcmt}dnmCanadense{Qloi^^ 
A coarse branching annual plant of the order Compositm, usimllj 
1 to 3 feet high, with alternate, rough leaves from 3 to 6 inches long 
and about as wide, somewhat lobed and coarsely toothed, strongly 
three ribbed, somewhat heart-shaped at the base, and on long stalks. 
The fiower-heads are in small axillary and terminal clusters of 2 
kinds, male and female, the male heads on a short spike at the 
summit and the female in clusters of 2 or 3 at the base of the male 
spike.- The male or staminate flowers are in roundish heads, with a 
thin scaly involucre. After shedding the pollen these heads soon 
drop off and disappear, and the female heads enlarge, and become 
thick, hard, oblong burs about an inch long, beset with stiif hooked 

Erickles. At the apex of the bur there are two hard and sharp or 
ooked beaks, and within are two cells, each containing a single 
seed. Those who are accustomed to look at the aster and the sunflower 
as representatives of the order CoinpositcB, will not at first recognize 
this plant as a member of that family beca^use of *the separation of the 
male and female flowers, but a close examination will reveal its true 
position. 

This plant is most abundant on low pasture and stubble land and 
along streams, though often growing rankly in waste places on up- 
land. It is seldom a troublesome weed in crops^ but its burs are a great 
annoyance in the fleeces of sheep. Seeding to clover and meadow 
grass and mowing several times the first season is recommended for 
its destruction. . 

We have figured this species (X, (7a^a(i6^^5^^ that it is 

the one which is troublesome in corn fields and roadsides in the West- 
ern States, where it is probably native, but perhaps introduced from 
the South through travel and commercial intercourse. The species 
which occurs in the Eastern States is probably Xanthiimi stimma- 
ritcm, which is supposed to be a native of Europe and India. It is 
smaller in size, with smaller burs, more slender and smoother prickles. 

Dr. Gattinger, of Nashville, Tenn., states that some twenty-two 
years ago he fed his horse quite, a quantity of the Xanthium Gana- 
dense in its flowering season. It possesses an aromatic smell, and his 
horse liked it. It did not have any noxious effects upon him, although 
he has since heard a farmer say that it was poisonous to stock, which, 
however, he does not believe. 

: Plate VIII, Fig. 1, a branch, showing the spikes of male flower- 
heads^ with the female clusters below; Fig. 2, three mature burs. 

Amhrosia artemisimfolia {mg-wGQdi, bitter- weed, hog- weed, 
Roman wormwood). 
A common annual weed of the natural order Oompos^Yce, gener- 
ally 2 to 3 feet high, rather slender, and muGh branched. The leaves 
are from 1 to 4 inches long, mostly alternate and thinnish, pinnat- 
ifid, or cut into deep narrow lobes, which are again lobed or toothed. 
The ends of the branches bear the flowers, which are of 2 kinds 
male and female. The male flowers are in small heads of 5 to 8 to 
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gether, inclosed by a 5-toothed green involii ere. These heads are 
arranged in a slender, spilielike raceme 2 to 3 inches long, each one 
nodding on the very short recnr ved pedicel. At the base of the raceme 
are a few female flowers, which are erect/ some of which develop into 
small hard nutlets or fruits. The flowering spikes a.re quite variable, 
sometimes being nearly all male, and sometimes mostly or entirely 
female. It seems to be an American weed, native of the warmer parts 
of the continent, but by eultivation introduced and spread over the 
United States and Canada. 

It IS very common in wheat-stubble and along roadsides. In Ohic 
it was reported to the State experiment station in 1883 by the greatest 
number of correspondents as the most troublesome weed in corn. 
It thrives on all soils, and can be eradicated only by the most care- 
ful cultivation. It is kept down in well-seeded meadows, but some 
of the plants persist, and produce seed when but; a few inches high. 
Sheep are a valuable stock to keep on land infested with this and 
other weeds. 

Plate IX, a branch with the flowering spikes ; Fig. 1, a single male _ 
head; Fig. 2, a fertile nutlet. 

ChrysanthemMm leuccmthermcm (wM ox-eye daisy, 

white- weed). 

A perennial plant, 1 to 2 feet high, simple or with few branches, 
of ten several stems 'from one root. The stem is rather sparsely 
clothed with narrow, coarsely-toothed or gashed, obovate or spatulate 
leaves, the upper ones sessile with a clasping fringed base, the lower 
ones more or less petioled. The main stem and the few long branches 
are each terminated with a single head of flowers, which, when ex- 
.panded, is an inch to an inch and a half in diameter. There is an ex- 
t<?rnal set of thinnish scales, which is called the involucre ; within this 
are the florets, or flowers, of 2 kinds— an outside row of showy, white 
flat florets called ' ^ the ray, and a central mass of short tubular yellow 
florets, which constitute the ^^disk.^' - 

Both the ray and disk florets are fertile; that is, provided, with an 
achenium or seed at the base. If the small disk florets are carefully 
examined they will each be found to contain 5 stamens united by 
the anthers around the central style. In the ray florets the stamens 
are absent* The plant is a native of Europe, but has become widely 
spread over all the eastern part of this continent. 

The daisy is most troublesome in meadows and pastures. ^ Though 
long known in this country, it is still spreading westward into new 
localities. In some cases it has escaped as a weed from flower gar- 
dens; in others it is introduced in grass or cloverseed or hay. It has 
been introduced in some places as a grazing plant for sheep, though 
the close grazing of the sheep will exterminate it. Where the plant 
is abundant it has been utilized to restore worn-out land too poor to 
grow clover. For this purpose it is sown at the rate of one-fourth 
bushel per acre. It is too much of a weed, however, to be introduced 
into a new locality for any purpose. If the land is brought to the 
proper state of fertility grass and clover will keep the daisies down, so 
that the few which remain may be readily exterminated. (Plate X,) 

^fewiiZon atiice/iTice (Indian mallow, velvet-leaf). 
A coarse annual plant of the order Malvacece, The stem is branch- 
ing and grows to the height of 4 or 5 feet. The stem, branches, and 
leaves are covered with short soft hairs; hence the name of velvet- 
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leaf. The leaves are roundisli-ovate, 3 to 6 or more inches long, ana 
rather long-pointed, heart-shaped at the base, the margins with fine 
blunt teeth, and with a stalk longer than the leaf. There are about 
5 principal nerves diverging from the base. 

From the axil or angle of each leaf -stalk is produced a flower-stalk, 
which develops 1 or 2 flowers or is sometimes extended into a branch 
ing raceme, with 3 to 5 flowers. The flowers consist of an outer calyx, 
cleft into 5 lobes or teeth, the corolla consisting of 5 obovate orange 
yellow petals, and a column of numerous stamens united into a tube, 
which closely surrounds the 12 to 15 styles. The expanded flower 
is half to three-fourths of an inch in diameter. After the fall of the 
corolla the ovaries develop into a crowded mass of dry pods or cap- 
sules, each one having 2 short stiff points or teeth, which spread or 
radiate upward and outward. The base of this mass of carpels is 
surrounded by the persistent calyx. The calyx and capsules are soft, 
hairy, or pubescent. 

In some parts of the country this plant is called stamp- weed, be- 
cause the pods are used to ornament or stamp butter. 

This plant, originally from India, has spread quite extensively in 
Europe and Asia, and also in the United States, where in some locali- 
ties it has become a serious weed in rich cultivated grounds. It was 
long sold as an ornamental plant; but few, if any, seedsmen now 
offer it. It possesses a strong fiber, which some have attempted to 
utilize for manufacturing purposes. (See Report 1879, p. 508.) Be- 
ing an annual, and easily recognized, and generally confined as yet 
to limited localities, it would seem to be more easy to get rid of than 
many of our weeds. (Plate XI.) 

Solanmn Caroli7iiense (hoYse-nettle). 
A low, perennial plant, with deep,. running roots, belonging to the' 
order Solanacece, the same that contains the potato, tomato, &c. 
The stems are 1 to 2 feet high, rather straggling, branching, and half 
shrubby at the base. The stems and the midnerve of the lower side 
of the leaves are more or less thickly armed with short, sharp, stout, 
yellowish prickles. The stem and leaves are also covered with minute 
star-shaped hairs of from 4 to 8 points. The leaves are large for the 
size of the plant, 2 to 4 inches long, short-stalked, oblong in outlihe, 
sometimes only coarsely and irregularly toothed, sometimes with 3 
to 5 deep lobes on each side. The flowers are in racemes, mostly 
from the axils of the upper leaves. There are from 3 to 10 flowers 
on each raceme, on rather short pedicels. They are an inch or less in 
diameter when expanded, havinga 5 -parted calyx and a 5-lobed bluish 
or whitish, spreading corolla. The flowers are succeeded by round 
berries, half to three-fourths of an inch in diameter, when mature 
of a^yellowish color, and filled with pulp and numerous small seeds. 
The pedicels of the berries are reflexed, and the berries remain upon 
the plant into the winter. Common in the Southern and Western 
States, and becoming too frequent in the North. Darlington says: 

This is an exceedingly pernicious weed, and so tenacious of life that it is almost 
impossible to get rid of it when once fully introduced. It grows in patches so thickly 
as to deter stock from feeding among it and even to monopolize the soil, while its 
roots gradually extend around and to a gTcat depth. ' 

It seems to prefer sandy soil, at least in the North, where it is 
sometimes called sand-brier. As it is perennial, and spreads by the 
root, only the most thorough treatment will eradicate it. 

Plate XII^ Fig. 1, a branch; Fig. 2, a raceme of mature berries. 
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Echium vulgare (Mue-weed, Bliie-tMstle/ bngloss). 

A "biennial plantj of ilie order B or rag inacecB. 

Tlie stem is from 2 to 3 feet high, rougli, hairy, and leaf y. The 
leaves vary from lanceolate to linear, the lower ones 5 to 8 inches 
long, becoming shorter above, the uppermost bractlike and shorter 
than the flowering racemes. Like the stem, they are roughened with 
still whitish hairs, which have a stinging quality. The upper part 
of the stem, sometimes for more than half its length, bears nLimer- 
CUB short, axillaiy sxjikes or racemes of flowers. These racemes are 
1 to 2 inches longv and are coiled backward in bud, but straighten 
out as they expand. The flowers are rather crowded, and consist of 
a 5-lobed or cleft calyx, and a somewhat bell-sha]3ed corolla about 
an inch long, which is purplish at first but changing to a light blue. 
When in full flower the plant has a handsome appearance. The 
nutlets, of which there are about 4 in each flower, are small, round- 
ish, and rough, with a peculiar appearance, which has been likened 
to a viper's head. This plant is a native of Europe and Asia, but has 
become extensively naturalized along roadsides, in waste grounds 
and fields, principally in the Middle Atlantic States. (Plate XIIL) 

Btimeo? aceioseZZa, (sheep, sorrel, field sorrel). 

This smair plant belongs to the order Polygonacem, or the family 
which contains the wild buckwheats and the docks. It multiplies 
rapidly by underground runners or roots. The stems are seldom 
more than 15 or 16 inches high, and are slender, erect, somewhat 
angular, and furrowed. The leaves are rather distant on the stem; 
the root and lower stem-leaves are on long and slender petioles, the 
upper ones becoming short-stalked or sessile. They have the pecul- 
iar form which is called /la^^aie, that is, arrow-shaped, with the 
lobes spreading outward, or at right angles to the main part. Some- 
times in the upper leaves the lobes are wanting. 

The flowers are in racemes, at small distances ajDart, and in^ whorls 
of 3 to 6, nodding oil the very short pedicels. The plant is' of the 
kind called dioecious; that is, aU the flowei^^ of one plant are of one 
sex, either male or female. The flowers are very small, and in the 
male plants consist of the calyx of 6 sepals, 3 inner and 3" outer ones, 
and 6 stamens. In the female plants (and these are said to be larger 
than the male plants) the calyx is the same, but in place of the 
stamens, the small ovary, with its feathery stigmas, is seen, the ovary 
finally enlarging to form the 3-angied fruit. This sorrel is a native 
of Europe, but has become extensively naturalized in our country. 
It is often stated that the presence of sorrel is an indication of an 
. unusuar amount of acid in the soil, and that an application of lime, 
or other alkali eradicates the sorrel by correcting the acidity. _ Such 
is not the case. Sorrel is generally most abundant on poor, light 
land, where little else wiir grow. An application of lime or other 
fertilizer enables other plants to grow and crowd out the sorrel. 

Plate Xiy, Fig. 1, a male flower magnified; ig. 2, a f emale flower 
ma.gnified. / ^ 

Lychnis (ritliagoXmrn-cocl^ 
A rather showy annual plant, belonging to the same family as the 
pink and sweet-william. It is a native of Europe, from whence it 
has been introduced with grain, and is now too commonly found in 
fields of wheat and rye. 
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The plant is from 2 to 4 f eet liigh^ sparingly branched above. The 
leaves are narrowly lanceolate, 3 to 5 inches long, less than half an 
inch Avide^ gradually tapering to a point, entire^ thick, and, like the 
branches and calyx, covered with fine soft hairs. They are in single 
pairs at the base of each branqli and opposite each other. The 
branches are slender, naked, and terminated with single- flowers, 
which are 2 to 2i inches long when expanded. 

The calyx is 10-ribbed, and divided into 5 linear lobes, similar to 
the leaves, and longer than the corolla, which consists of 5 obcor- 
date petals of a reddish-pnrple color, and about li inches long. 
There are 10 stamens and 5 styles. The ovary develops into a 
roundish-oblong pod, filled with numerous dark-purple seeds, which 
under a lens are beautifully ribbed and roughened. 

In regard to the comparative injury to wheat by cockle and chess 
a grain-dealer of Michigan writes : 

In this State there is much more chess in wheat than cockle, but it is screened 
out easily, whereas cockle is very difiacult to screen out, as it is as heavy- and has 
nearly as large a berry as wheat. The chess is of no value, while the presence of 
cockle makes the flour of. low grade. 

A grain-dealer at Duluth^ Minn., writes^ December 30, 1886, con- 
cerning cockle : 

Its effect on the grade of wheat as inspected here is serious. We had one car, 
which contained No. 1 hard wheat (our highest grade here), reduced to rejected 
(which is next to the lowest grade) solely on account of cockle. That would make 
a reduction in price of at least 15 cents per bushel. 

A Minneapolis (Minn.) miller writes : 

Cockle runs from 1 to 5 pounds to the bushel, 5 pounds ?being an extreme per- 
centage. It is abolutely impossible to clean all the cockle out of the wheat, as. 
it is so near the weight of the berry. Chess is found in winter- wheat sections, and 
can be all cleaned out of the wheat, as it is light, and can be handled to much better 
advantage than the cockle. 

Sow a portion, at leasts of the crop with perfectly clean seed on 
land where no grain grew the year before. Use this for the next 
year's seeding. In a few years the crop will be free from cockle. If, 
when clean seed is obtained, it is offered to surrounding growers, the 
area free from this weed may be extended, so as to lessen the liability 
of its being again introduced. 

Plate XV, Fig. 2, a section through the ovary • Fig. 3, a seed mag- 
nified. 

0^enGj90cZmr/?;aZ&ttm (pig- weed, lamb's quarters). 
This very common weed is of variable size, sometimes in good soil 
growing 5 or 6 feet high, in other circumstances reaching only 1 or 2 
feet. The stem is rather stout and angular, and much branched. 
The leaves are on rather long and slender petioles, and vary from 1 
to 3 inches in length, of an oblong or ovate form, the larger ones 
coarsely and irregularly toothed, the smaller ones narrow and mostly 
entire. The flowers are in small roundish clusters, at short distances 
apart, on slender spikes or racemes, which terminate the branches. 
The flower clusters are covered with a whitish mealy powder, and in 
many cases this mealiness extends also to the leaves. The individual 
flowers are very small, consisting of a five- cleft calyx, 5 stamens, and 
an ovary with 2 styles. The flower is destitute of a corolla. The 
mature ovary or seed is round in outline, but much flattened and 
lens-shaped, smooth, shining, and black, inclosed in a thin green 
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pericarp or cover. Tliese parts require to te magnified to "be dis- 
tinctly seen. ; : 

This plant, as well as a number of others of the same family, is -a 
native of Europe^ but is extensively naturalized, and is found in 
waste places and cultivated ground. The yo are some- 

times used as a pot-herb. 

The variety mride^ hj some considered a distinct species, has also 
been introduced, and is becoming in some localities even more abun- 
dant than the other. It is of a deeper green, has narrower leaves, 
and blooms earlier. (Plate XVI.) 

BanunctihisacrisQjui^^ 
A perennial herb of the order J?a?i^wnci(iac€Ge, a native of Europe 
but extensively naturalized in New England and New York in past- 
ures and meadows. The roots are fibrous, the stem is about 2 feet 
high, and branching near the summit. The leaves are mostly from 
the base, and on long stems, which are generally clothed with soft 
hairs. These leaves are roundish in outlme, but divided into about 
three or five principal segments, and each segment is again parted into 
about three divisions, which are again cut into coarse teetn or lobes. 
The stem has but few leaves, and those more deeply gashed, with the 
uppermost reduced to a few linear segments. The flowers are at the 
ends of the long naked branches, either singly or 2 or 3 near together. 
They are about three-fourths of an inch in diameter and of a bright 
yellow color. The calyx consists of 5 green sepals, which are shorter 
than the petals and spread out horizontally. The outer organs soon 
fair off, and the ovaries mature into a roundish head of small, hard, 
flattened, and pointed carpels. 

^ It is not uncommon in the New England States andVin New A^ork 
fco see large fields of pasture4and completely taken possession of by 
this buttercup or crow-foot. On account of the acrid juice which it 
contains it is always rejected by cattle in the field, but as the acridity 
is dissipated by drying, the leaves are eaten when present in hay, but 
the long coarse stems are so much waste matter. (Plate XVII. ) 

JSanw7?.Gwit*s &itZ6osti5 (bulbous-rooted buttercup). 
A small species of buttercup, with a roundish bulbous root, also 
ihtrbduced from Europe and naturalized in some places, particularly 
in Pennsylvania and V irginia, to such an extent as to be quite a pest 
in meadows and pastures. The segments of the leaves are about 
three, not so close together as in the i2. acre's, and generally with 
fewer lobes. The. flowers are of about the same size and color ^.s the 
preceding, but the sepals or parts of the calyx are reflexed. (Plate 
XVIII.) 

Barharea vulgaris Bjid Ba7^barea prcecox {winter-cress^ 
- scurvy-grass). ; : 

Cruciferce, vela>ted to the 
mustard, turnip, cress, and cabbage. It grows to the height of about 
2 feet. The stem is disposed to branch at the upper part. It pro- 
duces numerous yellow flowers in rather close, short racemes, which 
as they grow older are elongated and covered with somewhat four- 
sided, narrow pods, about an inch in length. There are two species, 
differing principally in the leaves, whichan B, vtilg arts are shorter, 
with a large roundish extremity and sometimes a few short lobes be 
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Tkifolium wkgacepiialum. 




Trifolium involucratum. 
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Trifolium stoloniferum. 
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Tkifot^ium Carotjnianum. 
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Arctium Lappa (Burdock). 
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Ambrosia ARTEMisii¥:70LiA (Romav Wormwood), 
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Report of the Botamist, DepMiiment of Agriculture, 1886. Plate XTV. 




BUMKX ACETOSELLA (BeD SoKREL). 
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Lychnis Githago (Corn Cockls). 
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CHENOPOmUM ALBUM (PlG-WKJ£D). 
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Bakbarea vulgaris (Winter Cress). 
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low ; in B. proecox the loaves are longer and pinnatifid, with irregu- 
lar lobes, decreasing in size from the apex toward the base. 

In the vicinity of ISTew York, Philadelphia, Baltimore, &g., this 
plant is considerably cultivated as an early salad, and has escaped 
from cultivation to such an extent as to become very troublesome in 
cultivated fields. As found in these places it is probably introduced 
from Europe, but in the neighborhood of the great lakes, in Canada, 
and northward it is thought to be a native plant. (Plate XIX.) 

0/^eZ^do?^^'M??^ majws (celandine). 

A plant of the poppy family (Papaveracece). It is herbaceous and 
perennial, growing li- to 2 feet high, with a brittle, watery stem, 
which when broken emits a yellowish, disagreeable-smelling juice, 
which is bitter and acrid. The stem is somewhat branching, with 
large pinnatifid leaves. Those from the root are on long stalks, those 
on the stem are short-stalked or the upper ones sessile. They are usu- 
ally 3 or 4 inches long and nearly as broad, divided into about five prin- 
cipal segments, which are again subdivided into a few lobes and coarse 
teeth. The flowers are in sm.all clusters of 3 to 8 at the extremity of 
the branches, each one on a short stalk or pedicel. They are less than 
an inch in diameter when expanded, and of a bright yellow color. 
The calyx consists of 2 greenish sepals, which fall off when the flower 
expands. The corolla is composed of 4 oblong petals, within which 
are an indefinite number (usually from 16 to 20) of stamens, and cen- 
trally the ovary, which enlarges into a slender, smooth, two- valved, 
many-seeded pod, about an inch in length. 

This plant is rather common about dwellings in the Eastern States, 
and, although classed as a weed, it is one which interferes principally 
with garden culture. Like many other common weeds, it is intro- 
duced from Europe. (Plate XX.) 

Capsella hursa-pastoris (shepherd' s-purse). 
One of the commonest garden and roadside weeds. It is an up- 
right annual plant of variable size, sometimes fruiting when 2 or 3 
inches high, and sometimes attaining a height of 18 inches or more. 
The leaves are mostly near the loYv^er part of the plant, the upper 
ones becoming small, narrow, and somewhat arrow-shaped, while the 
lower ones are sometimes 5 or 6 inches long, pinnatifid, and toothed 
like those of the dandelion. The flowers are very small, and at first 
somewhat crowded near the end of the branches, but in age becoming 
much separated, and forming a long, leafless raceme. The flowers 
have the same general structure as those of pepper-grass and radish, 
and the plant belongs to the same natural order, Criiciferce, The 
pods are on slender pedicels, v/hich are half to three-fourths of an 
inch long. They are about one-fourth of an inch long, of a peculiar 
form, flat, broad at the top, and notched at the ajjex, then narrowed 
to the base, presenting somewhat the appearance of a purse, from 
which appearance comes the common name of shepherd's-purse. The 
pods consist of two lobes or pouches, fixed on opposite sides of a flat 
thin partition, to which the seeds are attached. Although this weed , 
is very common and abundant, it can generally be easily destroyed 
by careful culture. (Plate XXI.) 

GEOEGE VA8EY, 

Botanist, 

Hon. Norman J. CoLMAN, 

Commissioner. 
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^ Sir: Appointed by you, upon the 1st of last July, to take charge of 
fche section of the Botanical Division; devoted to the^ investigation 
ot the d^iseases of fruits and fruit trees, grains and other useful plants 
caused by fungi, I have the honor to mal^e the following report - ■ 
^ It will be seen from the very nature of tlie work of this section 
that it is too early to expect the attainment of any definite results 
from original investigations, and whatever subjects are now discussed 
can only be looked upon as preliminary to more complete and ex 
haustive studies. . 

The fungi which infest our cultivated plants, and not infrequently 
cause their total destruction, vie with the insect tribes in numbers 
as well as in the extent of the losses they occasion, and the transfor- 
mations they undergo in their development are equally complex and 
often even more difficult to follow. They are, for the most part, so 
small, and the metamorphoses they undergo so obscure, as to call for 
the greatest amount of patience and the closest study, in order to 
obtain any satisfactory knowledge of their natural history, and in 
spite of all our efforts there will frequently remain many points 
which must be left to conjecture. 

That these fungi, which make themselves manifest in the plant 
diseases familiarly known as "rust," ''smut," ''mildew," ''blight " 
&c., are true vegetable parasites; that they are governed by the same 
laws which control all living organisms; and that they are propa- 
gated by specially developed reproductive bodies called spores, are 
fundamental truths to be kept constantly in mind in studying this 
subject. There is no such thing as spontaneous generation among 
these parasites, and whenever a fungus appears it is as certain that 
it was preceded by a spore as that the oak came from an acorn 
and, further, that the germination of the acorn and spore was only 
effected by surroundings and conditions favorable to its accomplish- 
ment. We have a pretty fair knowledge of what these conditions 
are m the one case, but simply because those in the other are not so 
well understood we must not deny their existence. 

In order to make an intelligent use of remedies for checking or 
preventing the ravages occasioned by injurious fungi, which is the 
primary and ultimate object of the work of this section, it is mani- 
festly essential to gam a complete knowledge of their nature and ' 
habits. To accomplish this will require much time and research 
but m no other way can we hope to attain results of positive value 
Those species which grow within the tissues of the plants they infest 
demand a different treatment from those which live wholly upon the 
surface. Species which live only for a time upon some useful plant 
passing the remainder of their existence upon some worthless weed 
or^some plant in decay, can be managed differently from those that 
infest only a single host. A complete knowledge of the life history 
of these parasites cannot fail to bring to light some weak point in 
their development which may be taken advantage of in seeking their 
destruction. 
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No systematic experiments liave been attempted in this country to 
prove the general Yalne and efficacy of the various fungicidal prepara- 
tions which have been proposed from time to time l)y individual cnl- 
tivators for certain plant diseases. The general impression prevails 
that STilphnr is a universal panacea for all the ills, of a fungus origin, 
that plants are heir to, but the value of this substance is limited to a 
small group of these parasites, and here even its action is not always 
certain. There exist prejudices, however, in favor of the use of sul- 
phur as a fungicide which operate against the introduction and use 
of other and more active remedies. There has been also a certain 
feeling of indifference on the part of farmers and fruit-growers rela- 
tive to this subject, doubtless due to the greatness of our country and 
the variety of our resources, but more especially to the almost entire 
absence of information respecting the nature and habits of the fungi 
themselves. With increa.sing cost of production and greater compe- 
tition the producer is feeling more and more keenly the losses which 
diminish his profits; he has come to realize fully the gravity of the 
ravages wrought by fungi, a fact well attested by the numerous let- 
ters received from agriculturists and fruit-growers throughout the 
country, earnestly asking information on this subject and the assist- 
ance that will enable them to prevent the depredations of these para- 
sites. 

The most important work of this section during the past season has 
been the preparation of a special report (Bulletin No. 2) of the Botan- 
ical Division, on the Fungus Diseases of the Grape- Vine." In con- 
sideration of the importance of the subject treated in this report, 
-together with the fact that the edition printed is already nearly ex- 
hausted, it has seemed advisable to present here an abstract of some 
of the leading topics discussed in it. 

L— The Downy Mildew. 

Peronospora viticola, De By. 
(Plate I.) 

The Downy Mildew is common to both the wild and cultivated 
grapes of this country, and from the former it doubtless was conveyed 
to the latter in the earliest days of American grape culture. 

In some respects it may be deemed a more serious enemy to viti- 
culture than Black-rot, for by its action on the leaves it affects the 
nutrition of the vine, weakening the vitality of the latter and event- 
ually destroying it. This action upon the leaves interferes with the 
development of woody tissue in the growing shoots and prevents the 
ripening of the fruit, and the wine produced will be inferior both in 
quantity and quality. 

The Downy Mildew, attacks all the green portions of the vine — the 
leaves, young shoots, and berries— -and is a true parasite, closly allied 
to the fungus of the potato-rot. The fungus consists of a mycelium, 
which grows within the tender tissues of the vines attacked, and of 
the reproductive bodies or spores. 

The m^/ceZ^^^?}^.— -The vegetative portion, or mycelium, of the fungus 
grows between the cells composing the tissues of the leaves, young 
grapes, and shoots, never through them, and the threads, or hyphse, 
of which it is made up, branch most irregularly and vary greatly in 
diameter. These threads have no cross partitions, or septa, but are 
continuous throughout their whole length, and are filled with a col- 
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orless, granular, and somewhat oily substance. At frequent inter- 
vals on these threads, as they push their way between the cells, minute 
lateral projections are formed, that penetrate the walls of the adja- 
cent cells of the host, from which they absorb the nourishment for 
the support of the parasite. These projections have received the 
name of ''suckers," or haustoria... The contents of the perforated 
cells quickly turns brown, ultimately effecting the outward changes 
in the coloration of the leaf or other affected part. 

Upon this mycelium, at different periods and in very unlike v/ays, 
two sorts of reproductive bodies, or spores, a^re formed; one kind pro- 
duced externally on short filaments, and named conidia, the other 
developed by a special sexual process on the mycelium within the 
tissue of the host plant, and termed oospores. The first are produced 
in great numbers throughout the summer, and serve for the imme- 
diate propagation of the fungus, effecting its rapid distribution; the 
second are formed later, and do not germinate until the following sea- 
son. The former are often called ''summer spores," in distinction 
from the latter, which have been named the ^'winter spores." 

Summer spores.— TIiq summer spores, or, as they are technically 
called, conidia, are borne upon the ultimate branches of slender fila- 
ments of the fungus, which issue through the natural openings, the 
breathing pores of the leaves. Four to five, or even more, of these 
filaments, called conidiophores, or conidia-bearers, issue from each 
pore, and through their abundance the fungus becomes visible to the 
naked eye; the downy white patches of mold, so conspicuous on the 
under surface of affected leaves, being wholly of this growth. 

A few hours of a single night is all the time required for the de- 
velopment of the conidiophores and conidia, but the mycelium may 
exist within the tissues of the leaves or other affected parts a long 
time before this outward development takes place. The conidiophores 
only appear under certain favorable atmospheric conditions, and, as 
these conditions may only occur at intervals of considerable length, 
we are in the habit of assuming that a new infection takes place each 
time. That vines previously free from the mildew may become 
affected at any time during the summer there is no doubt, but the 
appearance of the mildew on the leaves may come from mycelium 
that arose from a much earlier infection. 

The number of conidia that may be produced upon a single invaded 
vine has been estimated at from two to ten millions. Their great- 
number, coupled with the fact that each one may produce a half a 
dozen or more new individuals, explains how it is that an entire 
vineyard may be "^struck" with the mildew like the sudden falling 
of a cloud upon it. 

In shape the conidia are generally ovoid, the smaller end being at 
the point of attachment, their longest diameter being from tooo o 
y-oaoo of an inch. They are very thin- walled, and are filled with a 
colorless, nearly transparent, granular fluid. Their formation takes 
place with great rapidity, and when mature they are most easily 
detached fi-om their supports.^ 

One of these bodies, happening to fall upon a grape-leaf vf here there 
is moisture condensed in the form of drops of rain or dew, will germ- 
inate within a couple of hours, the germination taking place in the 
following manner: The contents of the spore undergoes a process of 
division, separating into a number of distinct particles, which ver j 
soon escape through an opening made in the spore- vf all; they are 
i}hen free, but exceedingly minute masses of naked protoplasm of 
7 AG— '86 
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irregular outline. Attached to one side of each mass are two very 
fine, hair-like cilia, by the vibration of which it swims about in the 
water with an animal-like motion; hence these bodies have been 
named zoospores. In from fifteen to twenty minutes the cilia fall 
off, the zoospore comes to rest, assumes a definite outline, takes on a 
cell-wall, and immediately pushes out a prolongation or germinal 
tube, which penetrates the epidermis, and, continuing its growth 
within the tissues of the leaf, develops into what we have called the 
vegetative or mycelial portion of the fungus. 

The germination by zoospores is the most common, and perhaps we 
might say the normal habit of the Peronospora of the vine- and ex- 
perience in culture leads to the belief that no form of germination 
will take place except in the presence of water. A damp atmosphere 
is insufficient; there must be the actual presence of water, in the form 
of drops of rain or dew, to effect the formation of the zoospores. 

Temperature exercises a considerable influence over the germi- 
nation of the conidia, that which is most favorable being between 
75° and 95° F. At lower temperatures germination takes place more 
slowly; but the temperature may be reduced to 32° without destroy- 
ing the vitality of the conidia. Exactly how long these bodies will 
retain their vitality in a moist atmosphere has never been determined, 
but it is known that dry air, particularly^ a dry wind, is destructive 
to them. Experiments have shown that in a dry atmosphere the co- 
nidia contract in a very short time and shrivel up, or burst and lose 
their contents. 

During the summer or season of growth the Peronospora expends 
its energies in the production of the conidia, whose office is the imme- 
diate dissemination and propagation of the fungus. To tide over the 
season of winter another spore-form is produced, which is furnished 
with thickened walls, and is still further protected by being embedded 
within the tissues of the host plant. These are the result of a special 
sexual process, and are termed oospores, or, more popularly, winter 
spores." Their formation begins as a slight swelling at the ends of 
branches of the mycelium. This swelling finally attains a diameter 
of about YoVo of inch, assumes a spherical shape, and the cell- wall 
covering it becomes thickened and pale yellow in color. At one side, 
arising from the branch that bears the oogonium or sack in which the 
oospore is deveiojjed, another and smaller body is formed, which is 
termed the antheridium. The antheridium, without detaching itself 
from its support, comes into close contact with the oogonium at an 
early period, and later on, by a special mechanism, the granular pro- 
toplasmic contents of the former is doubtless conveyed to the latter, 
by which means it is fertilized, and the contents of the odgonium then 
develops into an oospore. 

The germination of the winter spore has never been satisfactorily 
determined; but, however it may take place, it probably does not occur 
until the spring or early summer following its formation. 

ACTION OF THE FUNGUS. 

On the leaves —Ydle green or jrellowish spots of irregular size and 
outline appear upon the upper side of the leaves, and corresponding 
points on the lower surface soon exhibit the outside development— 
the spore-bearing filiaments of the fungus — in the form of white 
patches, that are very conspicuous on the smooth-leaved varieties of 
grapes. As the disease progresses the yellowish spots of the ux3per sur- 
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face assume a brownish hue/ which gradually becomes more intense, 
finally haying all the characters of completely dried and dead tissue. 
These spots may be quite small. Late in the season the older leaves 
attacked are often covered all over with minute brown spots, which 
are usually sharply defined, being limited by the nerves in the leaf ; 
again, they may be so large as to nearly cover the whole surface, in 
which case the destruction of the leaf is quickly accomxolished. 
Under the finah action of the fungus the leaf becomes thoroughly 
dried and shriveled, as if burned, and the tissues are particularly 
brittle. It very rarely occurs that the mildew itself appears on the 
upper surface of the leaf . 

On the shoots, — In severe cases the fungus extends to the young 
shoots, and, although the conidia-bearing filiaments do not appear 
excepting upon the youngest and most tender of these, the action of 
the mycelium checks their further development, and finally the tis- 
sues are killed. The effect upon the shoots is often to produce dark- 
colored, slightly depressed markings as a consequence of the sinking 
away of the tissues beneath. These markings are quite distinct from 
the deep and lacerated lesions of Anthracnose. 

On the berries, — Berries when attacked early by the Peronospora 
rarely attain more than one-fourth their full size, often remaining no 
larger than small peas. They soon turn brown, or, when the fungus 
fruits upon them, gray in color. There is thus produced a kind of 
^'rot," which is popularly named brown rot," or '*gray rot." 

The berries of some of the varieties of grapes cultivated on the 
Department grounds were severely infested with the Downy Mildew 
last summer (1886). In some instances the peduncle was much swol- 
len and distorted through the action of the mycelial growth within, 
and the fructiferous filaments or conidiophores of the Peronospora 
whitened herB and there with a downy coating, the berries as well 
as the stalks supporting them. 

REMEDIES. 

Since the appearance of the Downy Mildew in France, in 1878, its 
ravages ha v,e increased in that country and extended throughout 
the grape-growing regions of Central and Southern Europe to such 
an alarming extent as to call for the exercise of every effort on the 
part of individuals and Governments to check or destroy it, Ex- 
perments with remedies and preventives, begun in 1882, have been 
continued systematically in European vineyards, and the results 
obtained in 1885"^ were so satisfactory, that you considered them worthy 
of trial in this country, and for this purpose distributed last May the 
following oircular to parties thought most likely to be interested in 
the subject: 

U. S. DEPARTMENT OF AGraCULTURE.' 

Treatment of the Downy Grape Wldew (Pero7iospora viticola) and. the Black-Bot 

(Phoma iivicola). 

In view of the fact that Mildew and Black-Rot have been so destructive to the vine 
in this country that in some sections grape culture has become unprofitable and for 
this reason many are abandoning the business, the importance of making special 
efforts to discover effective remedies for these diseases will not be questioned. 

With this object in view, the remedies which have recently been employed in 

* For a detailed account of the use of these remedies in France and Italy in 1885, see 
special bulletin No. 2, Botanical Division, on the Fungus Diseases of the Grape-Vine." 
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France and Italy with apparent success are here given, with the urgent request that 
one or more of them be tried, experimentally, and the results reported to this De- 
partment, so that the one which proves to be the most efficacious and economical 
may be made generally known. 
Very respectfully, 

NORMAN J. COLMAN, 
- Commissioner of AgmGidiurc. 

BEMEDIES. 

For Peronospora. 

(1) Dissolve in 10 gallons of water 5 pounds of sulphate of copper. Soak the 
stakes and whatever m.ay be used to tie up the vines in this solution, and as soon as 
the leaves are fully formed thoroughly spray them with the solution,* using for 
this purpose any fine spraying apparatus. The cyclone nozzle," with fme aper- 
ture, described and illustrated in " Riley's report as Entomologist for 1883," is proh- 
ably the best device for this purpose. Repeat the operation occasionally, say once 
in two or three weeks. 

(3) Make a mixture of lime and water, as one ordinarily prepares whitewash. 
Apply this in the same manner as No. 1, using a nozzle with a large aperture. After 
rains the application should be renewed, 

(3) In 22 gallons of water dissolve 18 pounds of sulphate of copper; in another ves- 
sel mix 84 pounds of lime with 6 or 7 gallons of water. Pour the lime mixture into 
the copper solution; mix thoroughly, and the compound is ready for use.f Placed 
in conveniently sized buckets, it may be carried through the rows of the vineyard 
and applied to the leaves by the aid of brooms or whisps made of slender twigs dipped 
into the compound and then switched right and left so as to spray the foliage. 

This remedy is very highly recommended. It is not necessary to entirely cover 
the leaves. Care must be taken not to get any of the compound on the berries.ij: 

(4) The powder of Mr. Podechard. -This powder contains the following ingredi- 
ents, in the proportions given: 225 pounds of air-slaked lime, 45 pounds of sulphate 
of copper, 20 pounds of sulphur (powdered) ^ 30 pounds of ashes (unleaChed), and 15 
gallons of water. 

These ingredients are compounded as follows : Dissolve the sulphate of copper in 
the water; when thoroughly dissolved pour the solution upon the lime, which is 
surrounded by the ashes to keep the liquor from spreading ; after twenty-four hours 
add the sulphur, thoroughly mix the compound, ashes and all, and when dry sift 
through a sieve with meshes of one-eighth of an inch. This preparation niay be 
made several months before it is required for use. Its application is made simply 
by dusting it upon the foliage of the vines after a heavy dew or rain with any spray- 
ing or dusting device, that figured and described in the report of the Entomologist 
for 1883 being well adapted to this purpose. The convenience of application renders 
this powder especially well suited for use in the larger vineyards. 

(5) The ordinary milk-kerosene emulsion (see Report of U. S. Entomologist, 1884, 
p. 331), with the addition of from 2 to 5 per cent, of carbolic acid and the same per- 
centage of glycerine, and then diluted in 20 to 50 parts of water to 1 of the emulsion. 
Spray on the under surface of the leaves by means of a cyclone nozzle of small 
aperture. This is known in France, where its use has been attended with satisfac- 
tory results, as the Riley process," having first been proposed by Dr. C. V. Riley. 

For Black-Hot, 

The free application of the sulphate of copper and lime appears not only to act as a 
preventive against Mildew, but Black-Rot also. As a further protection against the 
latter disease it is recommended that Podechard's powder be scattered over the 
grounds in. the vineyard, especially where all the trimmings and fallen grapes and 
leaves of the previous year have not been removed. 

Tliree thousand of these circulars were distributed, and I liave rea- 
son to believe that many made a trial of one or more of the remedies 
proposed, hut I regret to say that few responded to the request that 
the results of these trials he reported to the Department. It is hoped 

The solution for spraying the vines here given is too strong. One pound of sul- 
phate of copper to 20 gallons of water is strong enough. 

f This is the copper mixture of Gironde, or Bordeaux mixture. 

jThis precaution is uncalled for, except at the approach of the vintage. 
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that another season there will be a more hearty co-operation between 
the vineyardists and Department in this work. 

One correspondent, George M. High, Middle Bass, Ohio, in a letter 
Tinder the date of December 28, says: 

Early last spring I received a circular from you, asking me to make some experi- 
ments with, remedies for the destruction of Mildew and Black-Eot. 

On the 13th of June I sprinkled lime water, as directed in No, 2 of instructions, 
upon 1 acre of Catawbas, about 1,000 vines. There was a heavy rain on the 34th, 
washing the lime from the foliage. The weather became quite hot, so on the 28th 
I again sprinkled the vines. No perceptible advantage over vines alongside not 
treated. Also upon 400 vines, both upon foliage and on ground under vineyard 
rows, I sprmkled air-slaked lime June 7, 14, 23; July 5, 23; and August 9, with but 
very slight beneficial results, if any. I imagined the wood ripened somewhat better 
than upon untreated vines. 

Sulphate of copper and lime were applied as directed in remedy No. 3 with results 
that convince one that, with proper application, this remedy will prove more 
beneficial than anything yet known here for Mildew and Black-Eot. Fourteen vines 
were selected— 8 together, the balance in different parts of vineyard, 13 Catawbas 
and 2 Noahs. 

The first application was made June 14, spattering the foliage very thoroughly. 
There was considerable rain on 30th and 31st instant, not entirely washing the leaves 
clean. On S2d m^ade a second application. First Mildew was observed 33d of July; 
on the 23d I again put on the sulphate of copper and lime mixture, although the 
previous application was yet quite perceptible upon the foliage. Of the vines so 
treated not one was affected by either Mildew or Rot, the foliage holding its natural 
color long after that on other vines had become brown and seared; the wood and 
grapes ripened thoroughly. A Noah vine, upon which for several years the berries 
had rotted more or less and dropped from the cluster about the time of ripening, 
bore this season over 40 pounds of grapes of good quality. 

The coming season I will give this remedy a more thorough trial, feeling satisfied 
that it will prove effectual if applied in time. My impression is that two appli- 
cations would be ample, the first soon after blooni or f&st indications of Mildew, 
the second about the middle to last of July. 

I also treated 60 Catawbas with a preparation made as follows: Dissolve 1 pound 
of sulphate of copper in 3 gallons of water; in another vessel slake 4 pounds of 
lime in the same quantity of water; then mix these together thoroughly. The ad- 
vantage was the preservation of the foliage in a healthy condition in a marked 
degree over vines untreated. 

Bush & Son & Meissner, of Missouri, say; 

We have tried all the remedies recommended in your circular and find that desig- 
nated as No. 3 to be the best. We are continuing to apply this mixture of lime 
with dissolved sulphate of copper (not too strong) with confidence in its good results. 

Anotlier correspondent states that he has used Podechard's powder 
(No. 4) with marked henefit. 

MILDEW REMEIHES IN FRANCE IN 1886. 

The results obtained in France in 1886 by the use of cuprio fungi- 
cides for Peronospora viticola fully confirm previous statements 
and experiments. Those detailed by Mr. Millardet in Journal d'Ag- 
riculture Pratique^ November 25, 1886, are especially interesting. 
The experiments at Dauzao and Beaucaillou were conducted either 
by himself or by Mr. David. Eighteen remedial mixtures, dry or 
fluid, were tried very carefully with the necessary control experi- 
ments, and fuU memoranda were made from time to time of the con-, 
dition of the various plots. The experimental fields covered in all 
about 5 acres. The most important results are given in the follow- 
ing tabular abstract, compiled from the report in the Journal, It 
11 be seen that the most completely protective substances were: 
The copper mixture of Gironde; David's powder; Podechard's pow- 
der; mixture of sulphate of copper and plaster; cupric steatite (a 
bluish-white unctuous powder, composed of steatite and sulphate of 
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copper); and snlpliatine (a secret mixture of sulplnir, lim^, sulphate 
of copper, and plaster). 

Table showing results of experiments of 3Iillardet and David with Mildew remedies 

in France in 

[In the second and tMrd columns the scale is 10, zero indicating total destruction of foliage and 10 
entire preservation. The small figure at the right and above desnotes the number of times the 
remedy was applied.] 



Kind of reinedy. 



No treatment. 

Copper mixture of Gironde 

Copper mixture of Gironde, differ- 
ent formula 

Coppier mixture of Gironde, with ad- 
dition of glue . . . . 

Eau celeste, or Aud03Tiaud liquid * . . 
Eau celeste, Mr. Gayon's formula . . . 
Solution of sulphate of chopper, i per 

cent 

Solution of sulphate of copper, 1 per 

cent .. . .... .... . 

Solution of sulphate of copper, 2 per 

cent , . . . ...... 

Solution of sulphate of copper, 3 per 

■ cent 

Solution of sulphate of copper, 4 per 

cent : 

Milk of lime, 15 per cent. . ...... . . . . . 

Milk of lime, 3 per cent . . 

Quick-Ume, slaked and sifted 

David's powder t. 

Podechard's powder . 

Mixture of plaster and sulphate of 



copperj. 
pno-stej 



Suipho-steatite, or cupric steatite. . , 
Sulphatine (secret compound) ...... 



Eesults. 


lition of foliage in field 
Malbecs, at Dauzac, 
;tober 14, 1886. 


Condition of foliage in field 
of Cabernet-Franc, at 
Beaucaillou, October U, 
1886. 


Sugar, per liter, in must, 1 
from plot of Cabernet- 
Sauvignon. at Beaucail- 
lou. Grapes all gath- 
ered October 1, 1886. 1 


o 


0 
93 


0 . 
8V 


113.6 
196. 0»_ 


93 


93 




31 
3V 
3a 


9» 
1^ 
41 


187.0* 
153.82^ 
138.02 


3s 


21 


m.& 


- 4* 


gi 


160. 0^ 


45 


5» 


146. 0» 


4G 




169.42 


4^ 

1* . 

04. 
14 
84 
54 


5* 
1' 

i» 

06 
95 

8fi 


153.82 
153.83 
135.23 
156.38 

mo« 

196.06 


4* : 
- 74 
74 


7^" - 

86 

86 


188. 6« 
187. OB 
«10.66 



Bemarks. 



These remedies were used only 
once or twice at BeaucaiUou, 
because of great injury done 
to foliage of the vines. The 
vines at Dauzac, upon which 
these were repeatedly used, 
were in some eases so much 
injured that the grapes did not 
ripeiL 



♦For formula of Eau celeste, see p. 103, under "Audoynaud process." 

+ David's powder is made as follows: Slake 66 pounds of lime in the least possible amount of water^ 
and dissolve 17i pounds of sulphate of copper in the smallest quantity of water necessary to effect its 
solution. Mix the latter with the lime when it is ctmiplefely cooled. Let the compound dry in the sun, 
then crush and sift it, when it is ready for use. 

tThe plaster and sulphate of copper remedy is composed of 66 pounds of plaster and 17 pounds of 
sulphate of copper. The copper salt is dissolved in the least possible amount of water, and then poured 
upon the plaster. Mix thoroughly, dry in the sun, crush, and sift. 

In a letter to Prof. C. V. Riley, U. S. Entomologist, M. G. Foex, 
of the Nationar School of Agricu ture at Montpellier, France, under 
date of November 30, 1886, having reference to the results and conclu- 
sions reached at the International Congress mentioned below, says : 

The most interesting portion of the meeting at Florence was the discussions rela- 
tive to the treatment of the Mildew. The efficacy of the salts of copper was boldly 
proclaimed. 

The best formulae giTon are : 

(1) Bordeaux mixture,^-— The vines are sprinkled during their vegetation with a 
mixture of sulphate of copper and lime, prepared as follows : 
In IQO litersf of water dissolve 6 to 8 kilogTams^: of sulphate of copper; in another 

■^The same as the Copper mixture of Gironde." Equals No. 3 in the circular of 
remedies above quotedj with a slight reduction in the quantity of sulphate of cop- 
per used. 

f One liter ==1.T6 pints, 4: One Mogram or kilo =2,3 pounds. 
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vessel 15 kilograms of air-slaked lime are mixed in 30 liters of water. When the sul- 
phate of copper is completely dissolved and the lime forms a homogeneous mixture, 
the latter is poured into the sulphate of copper solution, the mixture being stirred 
in the preparation. There is thus obtained a clear blue precipitate, which settles to 
the bottom of the vessel. This precipitate should be stirred up at the time of using, 
to put it in suspension in the water. ^' 

(2) Audoynaudprocess.~M. Audoynaud, prof essor of chemistry in our school, has 
proposed to sprinkle the leaves with ammoniacal sulphate of copper. This liquid is 
made in the following manner : In a stoneware or glass vessel 2 or 3 liters of warm 
water are poured upon a kilogram of sulphate of copper , which is stirred with a wooden 
or glass rod to hasten solution. When cooled, a liter of commercial ammonia is 
added. This liquid is finally mixed in a suitable cask with sufficient water to make 
200 liters, which serve for the treatment of one hectare. f The application of this 
liquid is made by means of the Riley sprayer. 

(8) Sulphated sulphur— M. Theophile Skawinski, at Chateau Laujac, in Gironde, 
and M. D. Cavazza, director of the school of viticulture at Alba (Piedmont), have 
used successfully mixtures of pulverized sulphur with 8 to 10 per cent, of sulphate 
of copper finely triturated. 

These three remedies have shown themselves efficacious, but the one which ap- 
pears thus far to have given the most security from the Mildew is the second. It 
has the advantage of adhering strongly to the leaves, remaining upon them until 
their fall. The salts of copper, thus applied to the leaves, act by preventing the ger- 
mination of the conidia, and consequently the development of the Feronospora, 

By referring to tlie table showing the results of the experiments of 
Messrs. Millar det and David^ it will be seen that the Andoynand 
liquid (Eau celeste) did not give good results in their hands, and, 
besides, its application injuriously affected the foliage. 

In October last (1886) there was held at Florence, Italy, an inter- 
national congress for the exhibition of machines and apparatus for 
the preparation, transportation, distribution, and application of reme- 
dies against fungi and insects." At the same time there were held a 
number of special meetings for the discussion of the fungus diseases 
of the vine and the remedies to be employed against them. Accord- 
ing to an official report of these meetings, the conclusions in respect 
to remedies were: (1) That gaseous remedies applied against thePe- 

•^'In respect to this remedy Prof essor Foex, in an article in the June number (1886) 
ot La Vigne Americaine, QSijs: 

" Its action is due to the copper which it contains. The presence of this metal, 
even in a very minute quantity, in drops of dew or rain on the upper surface of the 
leaves, prevents the germination of the cbnidial spores which may have been brought 
there by the wind. Thus forestalled, the disease cannot establish itself upon the 
leaves. 

*' Mode of appUcation.~The copper mixture should be distributed by sprinkling in 
little drops on the upper surface of the leaves. Two or three spots thus produced 
suffice to completely preserve a leaf , and they become sufficiently adherent and co- 
herent, as soon as they have dried, to remain until the leaves faU. 

" The sprinklings were made in Gironde, in 1885, with a simple broom of heath, 
which was plunged into a bucket or watering-pot containing the mixture. This 
plan of operating gives satisfaction so far as the distribution of the substance is 
concerned, but it has the inconvenience of being somewhat slow, and it requires 
much hand labor; therefore apparatuses have been devised which permit more rapid 
operation at a less expense of muscle. The one which gave the best results at the 
trial held in Montpellier, in February, 1886, was that of Mr. Delord, 9 Rue St., 
Gilles, Nimes. 

Time when the treatment should be made. — The salts of copper having the effect, 
as we have seen, of preventing the disease from becoming established, their use 
should be preventive. The vines should, therefore, be treated before May 15, at 
which date the Peronospora has sometimes made its appearance in certain places in 
the Department of Herault. In operating at so early a date only a small portion of 
the leaves can be reached, the greater number developing between this period and 
the 1st of June. In practice, therefore, it is better probably to sacrifice, if need be, 
some of the first leaves, and make the treatment only when the vegetation has 
reached a sufficient development, say, in Herault from the 1st to the 15th of June," 
t0^6 li®*^*^® = ^t)0ut 2^ acres. 
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ronospora liSiYQ not giTen any useful results; (2) tliat among the 
remedies in tlie form of powder tliiis far tried tlie most emcacious are 
those in wMcli siilpliateof copper is nsed; (3) that the mixture of lime 
and ashes and of lime and sulphur have not as yet given results suffi- 
ciently satisfactory to enable us to recommend their u.se; (4) among 
rthe liquid remedies^ the milk of lime^ prepared so as to make it con- 
venient for application, has proven quite . satisfactory. . However, its 
use from a practical and economic standpoint . encounters in many 
places serious difficulties; - (5) that the remedies most successful in 
the results obtained are the mixed liquids or solutions containing sul- 
phate of copper. 

It was further concluded that the action of the remedies is prevent- 
ive; tlaeTQiove only the preventive application can check the invasion 
of the Mildew, and repeated applications act only in so far as they pre- 
vent future invasions of the disease. In localities much subject to 
the Mildew it is necessary to apply the remedies to the vine before the 
season of bloom^ and in all places it is needful to apply them with the 
greatest thoroughness as soon as the Mildew appears, and to repeat 
the application according to the necessities and the nature of the 
remedy. ' 

No evidence was adduced showing that the applications of the salts 
of copper to the vine had resulted in injury to the public health. 

A simple solution of sulphate of copper/ 300 to 500 grams to the 
liectoliter* of water, has proved in some instances to be equally ejffect- 
ive in warding off the Mildew as the copper mixture of Gironde. As 
its application is attended with much less inconvenien ce and expense; 
further trials should be made to determine its relative value. This 
. solution, like all others/ should . be. applied preventively^ say about 
June 15, unless the Mildew appears earlier; a second ajpplication being 
made about the ist of August, f 

SKAWINSKI'S POWDER FOR CO^BATINa THE MILDEW ALONE, OB THE 
MILDEW AND THE OIDIUM TOGETHER. J 

. Having determined the value of sulphate of copper as a remedy for 
the Mildew, Mr. Skawinski, a viticulturist of Chateau-Giscours, 
France, experimented, with the view of discovering means for fixing 
the particles of this salt upon the leaves of the vine. He discovered 
that coal dust or calcined alluvial earth, added in proper proportions 
to the finely triturated sulphate of copper, gave to it the quality of 
adherence desired. 

The compound for the treatment of the Mildew alone consists of 
sulphate of copper, finely powdered, 10 kilograms; soot or alluvial 
earth, 15 kilograms ; coal dust, 75 kilograms. 

For combating the Mildew and the Oidium : Sulphate of copper, 10 
kilograms ; sulphur, 50 kilograms; coal dust, 32 kilograms; soot or 
calcined alluvial earth, 3 kilograms. 

The first treatment should be made when the shoots are about 6 
inches long ; a second may be given at the time of flowering ; a third, 
when the berry is formed ; and a fourth, at the time of ripening of 
the fruit, ^ . ; ; 

*Oiie hectoliter r= 33 gals. 

f The application of the sBlphate of copper compounds for preventing Mildf-v/ 
should he made in cloudy or rainy weather, for at such times the danger of corrosion 
from a too rapid evaporation of the solutions is avoided, and they wiU also be more 
evenly and thoroughly distributed over the surf ace of the leaves/ 

i La Vigne Americaine^ ]^ OYemheTy lSSQ. 
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Five kilograrns of the powder is about the quantity required for 
an acre of vines. It is applied with an ordinary sulphuring-hellows. 

The value of the Bordeaux mixture/or, as we have come to term 
it, the copper mixture of Gironde, has been settled beyond dispute, 
but there are certain factors which may determine the degree of the 
success in its use which ought to be considered. These are, the care- 
ful preparation of the mixture ; the time of its application ; the more 
or less intelligent manner in which the spraying has been made ; the 
atmospheric conditions of rain or dryness existing at the time or 
which may follow the operation ; the number of treatments made ; 
and the purity of the sulphate of copper used. 

These are all points which should be carefully noted in experi- 
menting with this and the other remedies proposed, especially in de- 
termining their relative value as fungicides. 

In the hands of some grape-growers a remedy may seem to give 
excellent results, but before it receives unqualified recommendation it 
must be tried in many localities and during a series of years, in order 
to eliminate all sources of error. Many cases of apparent benefit 
from the applications may be solely due to accident, such as changes 
in the weather or some other cause not within the control of the 

f rower. If applications are niade to the vines in years when, from 
ryness or other natural cause, fungi of all sorts are unusually scarce, 
then, unless very carefully conducted control experiments are made 
at the same time, it is easy to see how results due solely to the season 
or location might be ascribed to the remedy, and false conclusions 
arise. Hasty generalizations from a few observations and experi- 
ments are very common, but the careful investigator will not be. de- 
ceived by them. In reference to all proposed remedies, it may be 
said only when the disappearance of the fungus uniformly follows 
the application of the remedy are we warranted in attributing this 
to its use. 

II.— The Powdery Mildew. 
Uncinula spiralis f B, and G. 
(Plate II.) 

Like the Downy Mildew, the Powdery Mildew of the vine is a 
native of this country, and attacks the' foliage, young shoots, and 
berries of both the wild and cultivated varieties of the grape, show- 
ing a decided preference to those of the Vinifera class. Here the re- 
semblance ceases, however, for the Uncinula is a fungus of a very 
different habit of growth from the Peronospora, and belongs to an 
entirely distinct group of parasites — a group embracing what are 
familiarly referred to as the White Mildews or Blights, of which the 
common Grrass Mildew {Erysiphe graminis), the Lilac Mildew (Mi- 
crosphmria Friesii), and the too well known Mildew of the Hop- vine 
are examples. The diversity extends even to the climatic conditions 
favoring the growth of these two fungi; for, while a liberal supply 
of moisture is necessary to the full development of the Feronspora, 
the Uncinula li^es Si comparatively dry atmosphere, and always oc- 
casions most injury during seasons of protracted drought. It has 
long been known as a serious pest in California, and is nowhere en- 
tirely absent in the region east of the Mississippi.^ In the average 
season, however, it does comparatively little injury in the open vine- 
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yard— at least tlie injury is slight as compared with that wrouglit by 
tlie Downy Mildew. 

This season I haye observed it in all its phases of development, both 
upon vines in the open air and upon those cultivated under glass here 
at the Department. Upon the foreign varieties in the grapery it was 
most abrtndant and its injurious effects most apparent. 

The term ''Powdery Grape-"^Zine Mildew" was first applied to this 
fungus by Prof . G. Y. Riley^* and as it is descriptive^ and at the same 
time clearly distinguishes this mildew from Pero/3^05pora viticola, to 
which the same author has applied the name of " Downy Mildew," it 
has been employed here, with the hope that it may become generally 
adopted by those who prefer English to Latin names. 

It has frequently been discussed in our agricultural and horticul- 
tural journals for many years past under the name of O'idium 
Tuckert,^- or simply " Oldium,^' it being supposed that our fungus 
was the same asthe European vine mildew of tha^t name, but whether 
the European Oidium is the same as our Uncimda or not is yet a 
matter of questian, owing to the fact that the mature or fruiting form 
of the first named has never been discovered, the conidial stage alone 
being known. De Bary has suggested that the European O'idium is 
an importation from America. He says : t 

Concerning its first appearance and spread in Europe, it can be accepted as certain 
that it was transported suddenly from some other flowering species introduced into 
our vineyards from abroad. Most probably its immigration is from America. [The 
italics are mine. — ^^F. L. S.] In spite of its destructive spreading over the whole 
vine-growing portion of Europe, the most careful investigations in this country 
have nowhere led to the discovery of any indication of perithecia; the entu-e inva- 
sion takes place by means of the conidia, produced in great abundance, the form 
of which has procured the fungus the name of Oidium (O. TtickeH), The perithecia 
are probably found in North America on the native sorts of Vitis, and have been dB- 
BQxihB6, m E.{Uncinula) spiralis, ^^^^ yet this is not certain. 

The Powdery Mildew consists of a mycelial growth, that rests wholly 
upon the surf ace of the parts of the vine supporting it, and the repro- 
ductiye bodies or spores, of which there are two kinds. The threads 
or hyphsB of the mycelium have a uniform diameter of about -eoVo of 
an inch, are much branched and interlaced, and are proyided with 
frequent septa or cross-walls. Where this mycelium is applied di- 
rectly to the epidermis of the supporting plant there are developed 
at short intervals irregular protuberances or suckers, by which the 
fungus fastens itself to the host and through which it imbibes its 
nourishment. 

li the fungus be examined early in the season, say in June or early 
in July, short branches will be seen arising from the threads at right 
angles, or nearly so, to the plane of their growth. The branches are 
divided into several oblong cells by cross- walls. The uppermost cell 
is slightly larger than that immediately below it and is rounded at 
its iipper extremity. If this terminal cell be watched we will soon 
see its lower end becoming rounded like the upper^ forming thus a 
stricture between it and the next cell below, from which it is soon 
completely separated and falls off. The next cell of the branch 
qiiickly passes tliroiigh tlie same changes noted in the first, and in 
this way a number of conidia are formed in rapid succession. Like 
the conidia of the Pero?^ospora, those of the Uiicinula serYe for the 
immediate propagation and dissemination of the fungus; but damp- 

^Proc. Amer. Pom. Soc , session of 1885, p. 49. 
fVerg. Morph. u. Bioi. der Pilze, &c., pp. 244-M5: 
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ness, or a moderate amount of humidity only, is sufBcient for their 
ermination. They do not require water condensed in the form of 
rops of rain or dew, as does the Downy Mildew; and they germinate 
hy the immediate production of germ-tuhes and not by zoospores. 
The conidia are thin-walled, oblong cells/ filled with a transparent 
granular matter. One of these bodies falling upon a grape-leaf will, 
under favorable conditions of temperature and humidity, push forth 
one or more germ-tubes, which first send haustoria, or suckers, into 
the epidermal cells and then grow into the thread-like branched my- 
celial formation (thallus) diffused over the surface. By their multi- 
tude these threads now become visible to the unaided eye, and we 
have what has been familiarly termed ''Mildew/' ''Erysiphe/' ''Old- 
ium/' &c. 

When the mycelial growth has attained its full development a spore 
formation of an entirely different character from that above described 
takes place. Perithecia, or what we may be allowed to term " fruits," 
are formed, within which spores are produced in a number of little 
sacs called asci. These ''fruits" are especially abundant on the in- 
vaded organs of the vine during the months of September and Octo- 
ber. To the naked eye they appear as minute dark-brown or black 
points, thickly dotting the mildewed surface. (One of these bodies 
is figured in Plate II. The appendages which surround the perithe- 
cium usually stand up at quite an angle to the plane of their attach- 
ment; they do not lay out flat, as represented in the figure.) 

In their growth the perithecia are at first quite colorless, then pale 
yellow, and finally very dark brown or black.. The appendages are 
clear and transparent at their extremities, but have a brownish color 
towards their bases. They are divided into several cells by transverse 
walls, and are sometimes, though rarely, branched or divided above. 

The asci, developed within the perithecium, are delicaftely walled, 
transparent sacs that contain the aseospores or sporidia. These are 
oblong bodies, rather more rounded in outline than the conidia and 
somewhat smaller. They are the true winter spores of the fungus. 
Closely incased within the hard, compact walls of the perithecium, 
they are well protected from injury and the severe weather of winter. 
In the spring the walls of the perithecium decay or crack open, allow- 
ing the sporidia to escape, and bring about a new infection of the 
vines. Doubtless a sufficient number of these fungus fruits remain 
adhering to the vines through the winter to bring about a recurrence 
of the disease as soon as the conditions favorable to the germination 
of the sporidia prevail. 

ACTION OF THE POWDERY MILDEW ON THE VINE. 

The Powdery Mildew makes its appearance usually during the 
early days of June and continues its development late into the autumn. 
It appears in dull, grayish-white patches, most conspicuous on the 
upper surface of the leaves, and when growing thickly on the young 
shoots or berries its mycelium imparts to these organs a similar hue. 
It never has the bright, lustrous, or frosty appearance that charac- 
terizes the Downy Mildew, and the livid brown or seemingly scorched 
blotches on the leaves that the latter fungus occasions are wanting, 
although in thin-leaved varieties of foreign vines a discoloration 
takes place through the whole thickness of the leaf, visible at the 
points below the patches of fungus growth on the surface above. In 
a few instances I have seen the mycelial growth so dense upon the 
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loaves as to giTe them tlte appearance of liaving been spattered and 
blotelied witli ■wMtewasli, the spots heing a pnre dead white. This 
mildew is also found on the lower surf ace of the leaves, but never to 
the same extent as upon the upper side; and as it is only in the latter 
part of the season that it has been observed there at all/ its presence 
IS doiibtless due to an extension of growth from other parts, as from 
the petiole. 

Upon the young and tender shoots the fungus is of ten particularly 
abundant/ its action being to check their growth. Its presence on 
the older and half-ripened shoots is indicated by distinct but irregu- 
lar brownish blotches in the epidermis. Sometimes the Uncimda 
appears during the season of bloom/ and, coming on the newly ex- 
panded flowers, causes them to abort. Attacking very young berries 
when these are no larger than shot or small peas, their growth is 
permanently checked. Cases have come under my observation where 
the Per onospoixi, the Uncinula, and the fungus of the Black-Rot were 
all engaged in their work of destruction upon a single bunch of 
grapes. It is needless to say that the- -destruction was complete. 

Upon the older berries the presence of the Powdery Mildew is made 
evident before the mycelial threads have obtained sufficient growth 
to become conspicuous themselves by the minute brownish spots 
produced by tha action of the suckers on the epidermal cells. These 
spots eventually become confluent, the epidermis dies or is so affected 
that it will no longer expand with the growth of the berry and con- 
sequently bursts, first forming: tiny, then gaping tears, the result 
being the death and decay or the berry. Oftentimes the fungus 
spreads over only a small portion of the berry; this part ceases to 

f row, and a much distorted or imperfectly formed fruit is the result, 
he distortions are often carried so far that the berries crack open, 
exposing the seeds. We sometimes find nearly full-grown berries 
completely overgrown with the mycelium of the Uncinula, so that 
the brown specks above mentioned, if present at all, are comp^letely 
hid from view. These berries eventually become dry and shriveled 
and finally drop off. 

../REMEDIES. . 

The flowers of sulphur is an efficient and the usual remedy employed 
for this form of Mildew. 
It is not necessary to bring the particles of sulphur into immediate 

contact with the spores and fungus threads to effect their destruction; 
the fumes which this substance emits at elevated temperatures will 
accomplish this. The knowledge that heat favors the production of 
these fumes makes it obvious that the best time to make the applica- 
tion is when the thermometer stands the highest/ The fumes are 
given off rapidly when the temperature ranges between 75° and 95° F. 
The higher the temperature the more abundant are these fumes, and 
consequently the more rapid will be the destruction of the parasite. 
In latitudes where the soil temperature reaches 110° to 120° during the 
day it has been found that spreading the sulphur on the ground under 
the vines is sufficient to accomplish the destruction of the mildevr, 
and a like result is obtained by dusting the sulphur over the hot-water 
pipes in the grapery, providing these be sufficiently heated. 

If the sulptaring be delayed until the formation of the peritliecia it 
is not likely to do much good, for although it may destroy the myce- 
lial threads, the ascospores are too well protected within their hard 
coverings to be injured by the application. 
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The time when the sulphur should be employed is in early summer, 
at the first appearance of the Mildew, and the application is most 
effective when made on a warin, bright day, after all dew has evapo- 
rated. However well this application may be made, it is almost cer- 
tain that some of the fungus threads and many of the conidia will 
escape destruction. From these, or from spores brought from other 
vineyards, a new infection may appear in from twenty to thirty days, 
when a second sulphuring should be made. 

In districts particularly subject to this disease it is recommended 
that the vines be sulphured— first, when the young shoots are about 4 
inches long; second, at the time of blossoming; third, some days be- 
fore tlie turning of the berries. In bad seasons the mildew may make 
its appearance between these periods, when of course additional sul- 
phurings should be made. Particular emphasis is placed upon tha 
sulphuring at the time of bloom, for the flowers are almost certain to 
be rendered sterile if attacked by the Uncimila, and every precaution 
should be taken to prevent, if possible, the development of the Mil- 
dew at this time. 

III.— Black-Eot. 
Pliysalospora BidtvelUi, Sacc. 
(Plate XXL) 

The Blaok-Rot of the grape is a disease familiar to all grape-growers 
of the Middle Atlantic and Central States. It is known to prevail 
with greater or less severity— in some instances causing the total de- 
struction of the grape crop— in Alabama, Georgia, Illinois, Indiana, 
Maryland, Michigan, Mississippi, Missouri, ISTorth Carolina, Soixth 
Carolina, iSTew Jersey, Ohio, Pennsylvania, Tennessee, Virginia, and 
Kansas. 

It is now more than twenty-five years since -Dr. George Engelmann, 
in a paper communicated to the Saint Louis Academy of Sciences, 
clearly pointed out the characters of this rot and described the active 
stage of the fungus which produces it. A great deal has been writ- 
ten and published concerning this disease in more recent years, but 
very little additional information has been acquired. The atmospheric 
conditions favoring its development had already been pointed out, 
and the fact that certain varieties were more subject to it than others 
had already been noted, while to-day we are yet looking for an efii- 
cacious remedy. 

The first manifestation of Black-Rot is the appearance of a livid 
brown spot on some part of the berry ; this spot gradually increases 
in size until the entire grape is uniformly discolored, so that it appears 
to bo rotten, although its original contour and firmness are retained. 
It usually happens that before the completion of this change the part 
first affected becomes darker in color, and minute black pimples are 
developed over the surface. At the same point the berry now begins 
to lose its fullness, an irregular depression appears, which soon extends 
into a general withering of the berry, the pimples meanwhile having 
multiplied so rapidly as to cover its entire surface. The destruction 
of the berry is now complete; it is hard, dry, shriveled to one-half or 
one-fourth its original size, the folds of the skin being closely pressed 
upon the seeds and raised into strong, prominent, and irregular ridges. 
These last and the little pimples, which are easily seen with the naked 
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eye; are characteristic of this form of rot The rotted Berries remain 
firmly ciLuaoned to their supports for a long time, sometimes even till 
the following spring. ■ 

The manifestations of the Black-Rot do not always appear as de- 
tailed above, for not infrequently the first eYidence of the disease is 
the sudden appearance of one or more circular, slightly depressed 
spots, of a bluish-Mack color, in the center of which there soon ap- 
pear a few of the little pimples or pustules above referred to. These 
spots increase in size, the pimples in number, and ere long the berry 
exhibits the black and shriveled appearance already described. 

These- changes are effected in from one to five days, varying with 
the aitmospheric conditions. 

The fungus of the Black-Rot is figured in detail in Plate III. It 
consists of a vegetative or mycelial growth, which pervades the tis- 
sues of the berry, turning them brown and ultimately destroying or 
absorbing their contents, and of several distinct forms of reproduct- 
ive bodies or spores. 

During the earlier stages of the disease the mycelium is most 
abundant near the surface of the berry, and here, at frequent points, 
just beneath the cuticle, it makes a condensed growth, resulting in 
the formation of the perithecia or conceptacles destined to contain 
the;spores» In their development these conceptacles raise and finally 
burst through the cuticle, imparting to the surf ace of the berry the 
pimply or pustulous appearance mentioned above. At the apex of 
the exposed part of each conceptacle there is a minute opening or 
osteolum through which the spores escape at maturity. 

-Tha spores are pushed out, probably by the absorption of water, in 
the form of minute worm-like threads, being held together by a kind 
of mucilage. (See Fig. 1, Plate III.) - 

The conceptacles found upon a newly diseased berry are of two 
sorts; one contains oval or oblong spores, named stylospores, and the 
other contains much smaller cylindrical spores, called spermatia. 
These two sorts may form distinct pustules or they may be united in 
the same stroma,"^ as illustrated in Fig. 2, Plate in. 

The stylospores germinate freely in water within a space of three or 
four hours. They throw out a slender tube, which soon provides itself 
with septa, branches, and quickly develops into a mycelium in every 
way like that seen within the tissues of the berry. How long these 
stylospores may retain their germinative power is unknown, but it is 
^not likely that they hold it throug:h the winter season. Their office 
is undoubtedly to effect the immediate propagation of the fungus. 

What may be the role of the spermatia in the economy of the fun- 
gus is a matter of speculation. Theii' very small size and consequent 
lightness have suggested to the minds of some that their office is to 
more certainly effect the wide distribution of the fungus. In speak- 
ing of these bodies in general, in tlcxe ordev Pyrenomy est es, Cornu 
says: ' - They are true spores, since they germinate and give out fila- 
ments, having all the appearance of mycelial threads.'^ He regards 
them as very small conidia, of a special form, borne upoix particular 
arbuscles in protecting conceptacles. They do not in general ger- 
; minate in pure water, and they have a rather slow development. 
Their physiological role appears to be determined by their very small 
size and the circumstances which their germination requires. 

If the exposed surfaces of the conceptacles above mentioned are 
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carefully examined, especially after a period of very damp weather, 
one wiir often find arising from them short stalks or conidiophores, 
bearing very small oval conidia. This growth is illustrated in Fig. 
4, Plate ni. 

The discovery of the matnre or ascigerons f orm of the fungus of 
the Black-Rot is recorded in the ''Bulletin of the Torrey Botanical 
Club for August, 1880. " It appears that Dr. E. 0. Bidwell, of Vine- 
land, IsT. J. , made this discovery in the early part of May of that year 
(1880) in grapes which had "been diseased with the rot the season pre- 
vious. At about the same time Mr. J. B. Ellis, the well-known my- 
cologist of ITewfield, ]Sr. J., found the same form in the old and shriv- 
eled grapes gathered from the ground in vineyards at his place. This 
mature or ascigerous form of the fungus of the Black-Rot is shown in 
Fig. 6, Plate III, drawn from specimens very kindly sent me by Mr. 
Ellis. 

Within the conceptacle or perithecium are seen a multitude of little 
sacs, named asci, in which are developed spores that are technically 
called sporidia or aseospores. 

The walls of the asci are very transparent, and it is difficult to de- 
termine their outline, except they be separated and viewed singly. 
(F'igs. 7 and 8, Plate III. ) Except for the sporidia they contain they 
are perfectly transparent. 

The perithecia containing the asci are in all respects like those 
that inclose the stylospores, and they have every appearance of being 
developed from the same m3rcelium, which doubtless retains its vital- 
ity through the winter months within the diseased berries. 

To sum up the life history of the fungus of the Black-Rot we have: 
(1) The stylospores, inclosed in conceptacles, the Phoma uvicola of 
authors; (2) the spermatia, produced at the same time and inclosed 
in similar tlxough smaller conceptacles; (3) the conidia, externally de- 
veloped on short conidiophores; and (4) the sporidia, which are 
formed in asci that are inclosed in a protecting perithecium. The 
stylospores, and possibly also the spermatia, are undoubtedly de- 
signed for the immediate propagation of the fungus. The conidia 
probably serve the same purpose, and by their tardy development 
may help to continue the fungus from year to year. The sporidia, 
without doubt, are the special reproductive bodies for the latter pur- 
pose, being analogous to what have already been named ''winter 
spores." : , 

When the mature form of this fungus was discovered, Mr. Ellis 
named it, in honor of the discoverer, /Sp/^oerm Bidwellii. A more 
recent system of classification has placed it in the genus Physalo- 
spora, and it is now known to mycologists as Physalospora Bidivellii 
Sacc. 

EEMEBIES, 

It is plainly evident from the nature of the fungus of the Black-Rot 
that all remedies must be preventive. When the myceliu.m is once 
established in the tissues of the berry the destruction of the latter is 
certain. 

It is now known that the fungus passes the winter in the diseased 
and withered berries of the previous season, and possibly also in the 
young shoots. Hence, by gathering and raking together in the au- 
tumn all the fallen berries and trimmings from the vine and burn- 
ing them, just so much infectious material will be destroyed. The 
washing of the vines in early springy before the buds have commenced 
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to swells with, a strong solution of snlptste of iron may assist in this 
work of prevention by destroying the disease germs, and it is qnite 
possible that the remedies advocated for combating the Downy Mil- 
dew-— the copper mixtnre of Gironde or David's powder— may prove 
of value in preventing this Black-Rot. 

For mtany years it has been the practice among viney ardists to pro- 
tect certain varieties of grapes, designed especially for exhibition, 
from the depredations of birds and insects by inclosing the yonng 
bunches in paper bags. It was observed that grapes tlms covered 
escaped the Black-Rot, when those exposed were entirely destroyed. 
From this discovery the " paper-bag remedy " soon came to be gen- 
erally advocated, aiid to-day we know of no more economical and 
certain means of preventing the Black-Rot than that of inclosing the 
half -grown bnnclies in paper bags. Two-pound brown-paper bags, 
costing about $1. 25 per 1,000, may be used;, these are drawn over the 
bunches and tied or pinned around tlie stems. 

Anthracnose. - . 

Sphaceloma ampeUnu77i, De Bj, 

(Hate IV.) 

In so far as we have any evidence, this is a comparatively new dis- 
ease in this countryV and one which is likely to seriously affect the 
grape interests in the Middle and Central States, if not held in check 
by prompt treatment. It has already become distributed over a wide 
extent of territory.: Specimens exhibiting this disease were received 
at the Department the past season from South Carolii^a,. Michigan, 
Illinois, Delaware, and E'ew Jersey. Prof. T. J. Burrill, of Cham- 
paign, 111. , first observed it in Central Illinois in 1881, and afterwards , 
in many localities in that State; also in Indiana, near Indianapolis; 
in Michigan, at Lansing; and in Ohio, at Cleveland. All the samples 
received affected with this disease were of white or light-colored va- 
rieties. The berries of the Elvira, in one instance, were entirely de- 
stroyed by it. 

In Europe it has been known for many years, and has received va- 
rious names, as Charbon," "Brenner," "Schwarze Brenner,"/Tech," 
&c. , but that which has come into most general use is ""'Anthracnose, 
derived from the two Greek words^, f or " coal" and "disease." 

Anthracnose, like the Black-Rot, is caused by a minute fungus, the 
habit of which, however, is radically different from the fungus of 
that disease, as are also the extornal changes which it induces. All 
the green parts of the vine are subject to its attacks from the begin- 
ning of spring vegetation until the close of the growing season, and, 
when very abundant, the injury occasioned to the young shoots is 
quite as serious as its action on the fruit. 

EXTERNAL CHARACTERS. 

The external characters of Anthracnose are determined by the 
growth of a special fungus, as has been demonstrated by inoculations 
or sowings of the fu.ngus spores upon healthy shoots and berries. 

On the shoots, — -There first appear minute brown spots, a little de- 
pressed in the middle, with a slightly raised dark-colored rim or bor- 
der. These spots increase in size, elojigating in the direction of the 
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striae of the bark, the central portion beGomes more evidently de- 
stroyed, and in severe cases the woody tissues beneath appear as if 
bnrned or corroded, so deeply sometimes as to reach the pitli. 

On the leaves. — The action of the fungus on the leaves is similar 
to that upon the stems, and it is certainly very evident that where 
the diseased spots are numerous and the development of the fungus 
proceeds without interruption both shoots and leaves must succumb 
to the parasite. The intensity of the disease upon the shoots may 
cause the destruction of the young leaves even when the latter are 
not directly attacked. 

On the berries,'--So tsbV as my own observations are concerned, the 
severity of this disease has been especially marked upon the fruit. 
In order to appreciate the full extent of the injury occasioned to the 
berry one has only to consult Plate IV, Fig, 1, which represents a 
bunch of Elvira received from Mr. Wanner, of South Carolina, af- 
fected with Anthracnose. The progressive stages of the malady are 
fully illustrated; a little to the left of the center is a berry showing 
the first external manifestations of the disease. There is a small spot, 
grayish in the center, where the cuticle of the berry has been de- 
stroyed, with a dark-brown border. Previous to the bursting or 
rupturing of the cuticle the entire spot is of a deep brown color. 

These spots enlarge, retaining a more or less regular, rounded out- 
line, and between the light- colored central portion and the dark 
border-line there often appears a well-defmed band of bright vermil- 
ion. Finally, under the action of the disease the berries begin to 
wither and dry up, leaving nothing apparently but the skin and the 
seeds. There is no browning of the tissues of the berry, as in the 
case of the Black-Rot, nor does the skin shrivel, as in that disease, 
leaving prominent and very irregular ridges, but the circular spots 
first formed are easily seen and the colorings characteristic of the 
disease are retained, imparting a striking appearance which has given 
rise to the local name of '^Bird's eye rot." A berry may be attacked 
upon one side when it is not mo:|:e than half grown : it then becomes 
irregular in shape, the diseased psivt making no further development, 
and it sometiraes happens that jbhis side cracks open, exposing the 
seeds, which are gradually forceid out by the unequal grow 

THE FUNGUJS. 

The fungus of Anthracnose {Sphaceloma am^pelinum) douhiless 
belongs to the same class as that which includes the fungus of the 
Black-Rot, but the several stages of its development have never been 
satisfactorily made out. We only know it in its active or disease- 

f producing form, the various details of which are illustrated in Plate 
V. The spores of the Sphaceloma germinate readily in water, and 
if these germinating spores are sown upon the green and healthy parts 
of the vine the characteristic spots of Anthracnose will appear in 
about eight days. In often-repeated experiments the disease has 
shown itself at the points where the spores were sown, and nowhere 
else. 

BEMEDIBS. 

Th.^ Sphaceloma grows very near the surf ace, and as soon as it has 
burst through the epidermis it is practically exposed in all its parts 
to the direct action of fungicides. Much mischief to the vine may 
8 AG— '86 
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be done "before this exposure of the mycelium and spores takes place, 
and conseq^nently here as elsewhere^ prevention is more vafiiable 
thanonre. 

Certain varieties of grapes ai'e more subject to this disease than 
others J but if we attempt to avoid Anthracnose, Black-Rot, and the 
Mildews by a S5^st em of selection based upon this principle, we will 
have to discard grape culture entirely, or at least all those varieties 
which are most highly prized. The kinds that usually escape the 
Mildew are, in some cases, the very ones most susceptible^' to the 
Black-Rot, and those which may "resist" the latter malady may be 
the first to succumb to -the AnthracnosG. 

Anthracnose is most prevalent in wet seasons and in low situations 
or where the vineyards are poorly drained ; and too heavy manuring, 
eBpeeially; with fresh stable manure, is said to favor its development. 

Water in a condensed form is necessary for the diffusion and prop- 
agation of the fungus of Anthracnose, and any appliance that shail 
prevent deposition of rain or dew upon the foliage or other parts of 
the vine will secure immunity from the disease. Inclosing the half- 
grown bunches of grapes in paper bags will doubtless be as useful a 
protection of the berries against Anthracnose as from Black-rot, and 
for the same reasons. This system of vine protection, excepting for 
the berries, is hardly practicable in vineyards of any size, and other 
remedies tnust be sought; 

In districts in Europe where the vines are subject to this disease 
the practice is quite generalto bathe or wash the vines in early spring, 
before the buds have commenced to expand, with a strong solution 
(50 per cent.) of sulphate of iron, applied with an ordinary mop or 
large sponge, fixed to the end of a stick 2 or 3 feet long. This wash- 
ing should be done when the atmosphere is damp, in order to prevent 
a too rapid evaporation of the iron solution, which otherwise might 
result in injury to the vine. When the young shoots have attained 
a -length of 5 or 6 inches they receive a good dusting with the flow- 
ers of sulphur, whether the disease has appeared on them or not. 
The new growth is then carefully watched, and at the first sign of 
the malady the vines are again treated, this time with sulphur, to 
which has been added one-third to one-half its bulk of powdered 
lime. If the progress of the disease is not checked by this treatment 
the sulphur is omitted in subsequent applications^ which are of finely 
pulverized lime. 

Where this treatment of the vines with sulphate of iron, followed 
by heavy and frequent use of sulphur or sulphur and lime^ has been 
adhered to for several years, Anthracnose now rarely appears, or has 
ceased to be injurious, even in locations where before it was exceed- 
ingly destructive. 

From recent experiments it appears that quicker and more positive 
results may be obtained with the aid of sulphate of copper. To the 
iron solution (500 grams to the liter of water), with which the vines 
are bathed just before the buds begin to expand in the spring, sul- 
phate of copper is added at the rate of 50 grams to the liter; and in 
the sulphnrings which follow add to the sulphur one-tenth its weight 
in sulphate of copper, very finely powdered. . 

A correspondent in La Vigne ^mericame, December, 1886/ states 
that he treated his vines for Anthracnose, by liberally washing them 
with the Bordeaux mixture. This application was made during the 
season of growth, for the writer goes on to say that ''in a short time 
the disease disappeared, vegetation started up again with vigor- the 
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clusters which still remained of treatment took a normal 

development, and m autumn the vines were finer than they had ever 
been." ^ He had of ten used sulphate of iron for the treatment of the 
same disease, but never with such a result. 

It is greatly to be hoped that those having vines subject to this 
disease will give these remedies a thorough trial, both to determine 
their value and ciuickness of action. 

Distribution and severity of the Grape Mildews and Black- 
, EoT in THE United States. 

With the Circular on Remedies for Mildew and Rot, given in full 
on page 99, there was sent out a circular of inquiry, having for its 
object the obtaining of a more definite knowledge as to the distribu- 
- tion of, and losses occasioned by, Grape-vine Mildews and Black-Rot 
of the grape. 

^ Neariy 400 of these circulars were returned filled out, in the ma- 
jority of cases with evident care; and the information thus acquired 
forms an important chapter in my special report on the Fungus Dis- 
eases of the Grape-vine, from which I extract the following: 

THE MILDEWS. 

Of all who reported, 202 had neither observed nor heard of the 
Mildews in their county, or did not know them, or did not state. 
One hundred and eighty persons, in nearly as many localities, stated 
the presence of Uncinula spiralis or Pero7iospora viticola, or both 
with varying degrees of injury to the vineyards. The reported loss' 
depending upon the locality and the season, ranges from ^'slight'' to 
'' total," Nearly one-third of all who reported stated the loss in the 
vineyards of their section to be in bad years from 25 to 50 per cent, 
of the crop, and in some instances, in particular vineyards or upon 
certain varieties, the entire crop. If the reports received can be 
taken as fairly indicative of the loss from Mildews throughout the 
grape-growing regions of the United States, then it may be positively 
stated that during the past ten years this has been as much as 10 or 
15 per cent, annually. 

Almost without exception, Uncintt^a spiralis is reported to do 
serious injury only in dry districts or during severe drought, and 
chiefly to foreign grapes and a few natives, such as the Delaware. 
In a few cases a loss of from 10 to 50 per cent, or more is ascribed 
solely to Uncinula, This fungus is widely distributed in the United 
States, ranging from Massachusetts to Georgia, and westward across 
the continent to the Pacific; but the losses occasioned thereby in the 
country as a whole appear to be trifling. 

Peronospora viticola occurs in nearly all parts of the United 
States, on wild as well as cultivated sorts. Even the Pacific coast, 
which long enjoyed perfect immunity, is not nowf ree from it. During 
the last year at least 8 different counties in California reported its 
presence, with losses on certain varities ranging from 5 to 100 per 
cent.^ It is found also in Utah, and probably occurs in Oregon. It is 
relatively most prevalent from the mid Atlantic coast district west to 
the Mississipjji and southwest into Texas. This fungus everywhere 
injures the vineyards, often attacking fruit as well as leaves. It 
occurs on the vines throughout the growing season, but is usually 
worse from June to August. All report its growth to be favored by 
warm and wet weather^ particularly by hot weather following pro- 
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tracted rains. In bad seasons all varietiesy without exception, are 
subject to its attacks. Those esteenaed as particnlarly tardy and free 
from it in one locality succumb to it in another, or eyen in the same 
locality another year. On the whole, the varieties reported most free 
from^ it are Scnppernong, Norton's Virginia, and Ives's Seedling. 
Almost the entire loss from Mildew mnst be attributed to Peronospoi^a 
viticola, BincGy as above stated, Uncinula spiralis does serious in- 
jury only in a few restricted districts. 

(For distribution and severity in United States, see map.) 

THE BLAGK-BOT. ^ 

Two hundred and twenty-eight persons reported the presence of 
Black-rot • 

The territory over which P7i.oma uvicola is reported includes the 
chief vine-growing regions^of the United States, and coincides with 
the. Mildew district, save that no rot is reported west of the Rocky 
Mountains, except doubtfully in one inst^^nce, and but very little 
north of latitude 43°. In some districts this fungus has been under 
observation for more than twenty years, and in many, during the last 
decade, it has done serious and increasmg injury. It usually at- 
tracts attention about the time the grapes are beginning to color, or 
a little earlier, and in very warm, wet seasons may within a week or 
ten days destroy the whole product of a vineyard. As in the case of 
Peronospora viticola, its growth is said to be greatly favored by 
warm and wet weather, and entirely stopped by a protracted drought. 
_ The Concord, Catawba, Isabella, Hartford Prolific, and Rogers- 
hybrid varieties seem most subject to this rot, and the Delaware and 
other light-colored or white varieties least; but no variety is entirely 
free from its attacks, unless it be the Scuppernong, which is said to 
be harmed by nothing. Many persons report all varieties equally 
subject. Often those reported iron-clad and " rot-proof " in one 
locality are said to be vei*y badly affected in some other. 

(For distribution and severity in Unite 

SHRINKAGE OF YIELD IN OHIO. 

(See diagram.) 

The enormous shrinkage of the grape crop in 1881, 1883, and 1885 
was due principally to three factors which cannot be separated— Eot, 
Mildew, and the effect of the previous severe winter. That freezing 
was the factor least important may be assumed from the fact that 
the winter of 1 883-' 84 was also severe, and killed or froze back many 
vines, even hardy varieties, but did not prevent a good crop in 1884. 
In 1882 the late summer and the autumn were dry. In 1883 it was 
cold and wet in the spring, and there was long-continued wet weather 
in June and July. In the summer a-nd early autumn of 1884 Ohio 
experienced one of the most widespread, prolonged, and severe 
droughts ever recorded. In 1885 in jforthern and Central Ohio the 
spring was backward. June and July were warm and wet j August 
and the first part of September were cold and wet. 

Mildew and Rot were unusually prevalent and destructive in the 
wet seasons of 1883 and 1885, taking the greater part of the crop in. 
many vineyards. In the dry seasons of 1882 and 1884 there was 
comparatively little Hot or Mildew. The total product was 27,503,000 
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pounds in 1882, 6,191,072 in 1883, 30,895,563 in 1884, and 9,043,216 in 
1885. : ■ " 




CELERY-LEAF BLIGHT, 

Cercospora Apii Fries. 

(Plate V.) 

Celery -leaf Bliglit is a common disease in Europe, and one which 
seems to be widespread in this country, samples having been received 
from Louisiana, Missouri, and from about Washington. Some va- 
rieties of celery are more subject to it than others, and in seasons 
favorable to the development of the fungus these are greatly damaged 
by its attacks. 

Prof. S. M. Tracy, of the State University, Columbia, Mo., has 
made a study of this disease in his locality, and in reply to inquiries 
on the subject he writes as follows : 

The Gelery-leaf Blight (Cercospora Apii), was first noticed in 1884, when it dam- 
aged the crop to a considerable extent. In 1885 it appeared again soon after the 
plants were put in the open ground, about July 10, or as soon as the hot dry weather 
commenced. The older leaves were the first to be attacked, but the disease spread 
rai)idly. and by the middle of August many plants were dead, and others appeared 
as though the leaves had been scorched by intense heat. In nearly every case the 
Blight developed first on the driest soil. By September 1 many lots of the plants 
had been nearly destroyed, and all the celery grown in this part of the State was 
seriously injured, The loss was certainly not less than half the crop. 

As soon as the rains and cool nights of September commenced the Blight disap- 
peared, and plants which had not been too seriously weakened then made a mod- 
erate growth. 

Dilferent varieties showed a marked difference in resisting power ; the " BoKston 
Market'- and" Golden Heart " suffering more than did any others, while the 

White Plume" was but slightly injured. In 1886, although the season was un- 
usually hot and dry, conditions which have heretofore seemed favorable to the de- 
velopment of the Blight, but very little has been seen, careful and repeated searcli 
giving only an occasional leaf which showed any injury. In the latter part of July 
I noticed this Blight as quite plentiful about Davenport, Iowa ; also at Plattsville, 
Wis. Various remedies were tried, but no good results followed their use. Salt, 
ashes, lime, and sulphur were dusted over the leaves without effect. 

Mr. T. F. Baker, a successful and well-known vegetable gardener 
and seed grower of Bridgeton, N. J., relates his experience with this 
disease as follows : 

X regret to my that I am oia^ too imM^^rnth the appearance and effects of 
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the Celeiy-leaf Blight. The past season (summer of 1886) I cultivated two separate 
plats of 10,000 plants each. 

(1) After radishes,— On this plat fifty loads of stahle manure had been apphed the 
fall previous, and in the spring fertilizers were applied at the rate of one ton per acre. 
After the crop the ground was again plowed and harrowed and furrows opened 6 
inches deep, in which night soil (privy m^ure and marsh mud) was applied heavily. 
This was slightlv covered and the celery plants set 6 inches apart in the rows, 
July 16. The state of the weather was so favorable that during the next month the 
celery made a strong and ^rigorous growth. So rapid was the growth that ' * hand- 
ling " was commenced, the first operation previous to blanching. No change oc- 
curred until September 20, when, after several hot and muggy days, the small 
pale spots, or blotches, appeared, and these in the space of a few dsay enlarged so 
as to embrace the entire leaf, which consequently turned brown and appeared now 
to be covered with a white or powdery mildew. The stems and leaf stalks turned 
yellow, after which they shriveled away, and they also turned brown to black above 
ground, the portion under ground remaining yellow, , and showing brown streaks in 
the cells of the stems extending to the junction of the stem and crown of the plant. 

These stems and leaves were pulled off and cleared away as fast as time would 
permit, but the same conditions continued. Stem after stem succumbed, following 
m quick succession, leaving nothing but the heart of the plants, I now despaired 
of my crop, but about the middle of October cooler weather set in, with more rain, 
and the plants began to revive, and I again commenced to cultivate and to hope. 
The result was a fair crop at harvesting; short, though particularly crisp and tender 
from quick growth. 

(2) After early cabbage.— Thie^-plot had received 25 loads of stable manure broad- 
cast, and 100 bushels of ashes jjer acre the year previous, and to which 35 bushels 
of lime were added in the spring and all plowed under together; then there was 
applied, broadcast, 1 ton of fertilizer, which was harrowed in. After the crop of 
ca,bbages was removed, in July, the ground was again plowed and prepared, fur- 
rows were opened 6 inches deep and a liberal dressing of hen manure applied in the 
furrows. The celery plants were set July 21, and an uninterrupted growth contin- 
ued until September 29, when the Blight rnade its first showing in the pale and 
brown spots and Iblotches on the leaves. I commenced at once to remove aU such 
stems by puUing off and taking out of the patch. I had no further trouble from 
the Blight, but whether this treatment produced the result, or whether it was due 
to a change in atmospheric conditions, I cannot say. Plat No. 2 resisted the attack 
longer than No, 1, and recovered without material damage. The heart and roots 
do not seem to be affected by the Blight, and where the soil is strong and rich in 
plant food, and the weather cool and moist, the plants may possibly outgrow an 
early attack and mature a fair crop. 

The past season was the first that I have noticed the pale spots on the leaves, or 
the powdery appearance upon the upper surface. I am incHned to believe from the 
season's experience that manure in the rows, as in Plat 1, is conducive to the devel- 
opment of the Blight, 

The variety known as the *V"White Plume," was the first to be attacked » and suf- 
fered most; the ** Half Dwarf " variety resisted the attack longest and suffered least. 
The "White Plume,'^ however, recovered soonest from the disease, and developed 
the largest and fullest heart. 

This disease is quite distinct from any general yellowing, or what 
might be properly termed ^^blight" of the leaves, which may arise 
from some injury to the roots, to the lack of proper food-elements in 
the soil, or from an excess of rain or drought, and is undoubtedly 
due to the direct action of the fungus. The result of this action is 
the partial or complete destruction of the leaves, which are a^t obcp 
the lungs and digestive organs of the plant, and it is needless to spf^a k 
of the gravity of any cause which may effect injury to organs of mch 
vital importance. The period when the fungus is most active is frorri 
early in July to the latter part of August, but I have found upon 
celery in the markets during the latter part of October leaves that 
were strongly infested with the disease. 

Ext e^mcu characters.— The ^Tst evidence of the Celery-leaf Blight 
is the appearance upon both sides of the leaf of pale yellowish-green 
spots, irregular or somewhat rounded in outline, and varying from 
one-si2:teenth to one-fourth of an mch in diameter. These spots soon 
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turn brown, a central portion sometimes "becoming lighter colored, 
and/ if the disease is allowed to progress, they increase in size until 
the entire leaf becomes browned and dried up. 

IVie fungtts. --The imigus of the Celery-leaf Blight {Cercospora 
Apii^ Fries) belongs to a genus numbering over 230 species/ all of 
which attack the liying leaves of plants, and many do serious injury 
in this way to our cultivated crops. 

Our knowledge of these fungi is very imperfect. We only know 
them, in their most active state, when they do the most harm by feed- 
ing upon the foliage of the plants they infest. We have, however, 
sufficient reasons for believing that the species now included in the 
genus Cercospora represent only a state in a metamorphosis that 
leads to some higher or more perfect, but as yet unknown, form ; in 
other words, they are comparable to the larvas of destructive insects 
that are only known in their larval state. In each of the stages in 



duced sj)ecial spores or reproductive bodies, which serve to multiply 
the species, and it is very likely that if we had a complete knowledge 
of these forms we would find the task of remedying the evils they 
inflict much easier than it now is. These remarks are applicable to 
the species of many other recognized genera which we. will have to 
discuss, and indicate in a briei way the line of investigations that 
must be made and their importance and magnitude. 

The spores, or, more definitely speaking, the conidia, of the Cer- 
cospora in question are from 20 to 80/^* in length, straight or slightly 
curved, and somewhat club-shaped, being about 4/i in diameter at 
their thickest part ; they are colorless, transparent, and are divided 
into from 3 to 10 cells by cross-walls or septa (See Plate V.) One of 
these spores falling upon a celery leaf where there is an excess of 
moisture will in a few hours develop one or more germ-tubes— each 
cell composing the spore is capable of thus gerniinating — ^which soon 
find their way into the interior of the leaf, probably by direct pene- 
tration of the cuticle, and there make a considerable growth in the 
loose tissues near the back or lower surface. This growth, which we 
term the vegetative growth of the fungus, destroys the contents of 
the cells surrounding it, turning the latter brown, and thus producing 
the Qharacteristic external appearance of the disease. After a time 
the mycelial threads composing the vegetative part of the fungus be- 
come particularly abundant just beneath the stomata of the leaf, and 
through each of these it pushes outward a number of short, irregular 
threads or hyphae, upon the tips of which the spores or conidia are 
borne (See Plate V, Fig. 2.) The hypha^ vary in length from 30 to 
80 A* and are between 4 and Syw in diameter ; they are usually provided 
with one or two septa near the base. 

Remedies. —The conidia will retain their vitality some time, at least, 
after they have been thoroughly dried, for I have succeeded in mak- 
ing them germinate in pure water after they had lain in the herba- 
rium for several months. Whether these spores will retain their vi- 
tality through the winter, when exposed out of doors, is unknown, 
but it is not at all likely that they will. They are doubtless designed 
for the immediate = propagation and dissemination of the fungus; 
therefore any means which may succeed in preventing their forma- 
tion or hinder their germination will check the disease which this 
develops. We may accomplish this, in part at least, by watching 
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*fi is the sign f or micromiUimeter, One equals .000089 of an inch. 
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the leaves and removing and destroying all those that show any sign 
of infection. The fnngns cannot he destroyed when it has secured a 
development within the tissues of the leaves without destroying the 
latter, and the sooner those that are diseased are removed the better. 
What fungicide may be found useful in preventing the germination 
of the spores must be determined by experiment. Any ordinary ap- 
plication of lime or sulphur will have little or no value for this pur- 
pose. I would hesitate to recommend the application of solutions 
containing the salts of copper on this vegetable for hygienic reasons. 
A solution of penta sulphuret of potassium, or liver of sulphur, 1 to 
2 ounces to a gallon of water, sprayed upon the plants at the first ap- 
pearance of the blight, may arrest its progress. This preparation 
_ deserves a trial in this case. A shelter of cloth over the plants is 
said to have ^reserved them comparatively free from blight in local- 
ities where plants not so shaded were badly diseased. 

Orange-leaf Scab. 
Cladosporium B^—. 

(Plate VL) 

The following notes on a disease affecting the leaves of sour orange 
and lemon trees, which I have named Orange-leaf Scab, are essen- 
tially those read before the Botanical Club of the American Associa- 
tion for the Advancement of Science, at the Buffalo meeting, and 
published in the Bulletin of the Torrey Botanical Club for October, 
1886. Since then no new light has been thrown on this obscure dis- 
ease, and it is not likely that more will be discovered until it can be 
studied in the field. 

So far as I am aware there is no published account of this disease- ' 
other than that ref erred to above, and there is a probability that it ig 
of recent origin; it is at least of recent appearance in Florida. The 
statements of correspondents and the samples which have been sub- 
mitted for examination show but too plainly its serious character. 

Mr. Charles W.^ Campbell, writing from Ocala, Fla., Jiily 29, 1886, 
says that "the disease first made its appearance last summer, and 
seenis to be increasing the present season, particularly on young trees 
making vigorous growth. It seems to be confined to sour stocks, al- 
though this season it has appeared on lemon trees. No sweet-orange 
trees have been affected, nor the sweet buds on sour stalks, even when 
growing side by side with trees badly affected. It is very destructive 
to the growth of trees and ruinous to young nursery stocks, so that 
fears are entertained that it will seriously aff'ect the orange interest 
unless means are discovered fpr checking it. Last season and this 
have been exceedingly wet, and the appearance of the fungi may be 
due to this fact." 

From letters received from Mr. 0. F. A. Bielby, of De Land, Fla., 
we draw the following conclusions: (1) That the trees most severely 
affected with this leaf disease last season suffered during the winter 
more than those not affected; (2) trees affected last season are the ones 
first attacked this spring, although the foliage of these is entirely new 
growth; (3) so far as observed sour trees alone are affected; (4) loca- 
tion and nature of the soil or of the fertilizers used have no infiuence 
on the disease; (5) the most vigorous as well as the "sickly" trees 
are alike affected; (6) if a tree is diseased in part, the tendency is for 
th© whole tree to beoome so; (t) the malady does not appear to spread 



MYCOLOGICAL SECTION. 



121 



in tte grove, but may occur at several points simultaneously. The 
evidejice of these facts points to a fungus origin for the disease. 

DESCRIPTION OF THE DISEASE. 

There first appears upon either the upper or lower surf ace of the 
leaves, more particularly upon the latter and upon the young shoots^ 
small, light-colored, wart-like excrescences. These excrescences in- 
crease in number and size, the approximate ones often running to- 
gether until the whole surface is covered, destroying of course the 
vitality of the leaf . When young leases are attacked they become 
more or less distorted and their full development is prevented. The 
top of the older warts, if one may so term them, are dark brown or 
nearly black, due to the presence of a dense fungus growth, which 
exhibits under the microscope a multitude of irregularly developed 
conidiophores, bearing oblong, oval, one-celled conidia. (See Plate 
VI, Fig. 3.) Such low forms as here represented are difficult to deter- 
mine or classify, and it is just such forms which are often the most 
injurious. Further investigations in its development will doubtless 
reveal its true character. From what is now known it seems best to 
place it in the genus Cladosporium, 

Upon some diseased specimens recently received from Ocala there 
was discovered a species ot Fusarium, which Mr. J. B. Ellis,* to 
whom samples were submitted^ believes to be identical with F, sar- 
cochroum, Desm., and he expresses the opinion that the tubercles are 
caused by the mycelium of this fungus, these being the first outward 
manifestations of its growth. 

It may be going too far to advance any opinion at this time, but I 
will say that after making many careful examinations of the samples 
in hand I am disposed to think that the injury in question is occa- 
sioned by the first fungus referred to above, the hyphae and spores of 
which are present in greater or less abundance on all the more devel- 
oped excresences. 

Bemedies,— The application of the following are recommended for 
trial as having fungicidal properties: First, a solution of bisulphide of 
potassium, one-half ounce to a gallon of water. Second, "liquid gri- 
son," prepared by boiling 3 pounds each of the flowers of sulphur and 
lime in 6 gallons of water until reduced to 2 gallons. When settled, 
pour off the clear liquid and bottle it for use. For use, mix one part of 
this clear liquid in 12 gallons of water. Third, to 10 gallons of 
strong soap-suds add about a pound of glycerine and one-half pint 
of carbolic acid. 

These solutions should be applied in the form of a fine spray to the 
diseased trees. As intimated, what action they may have towards 
arresting the malady remains to be determined by experiment. 

THE POTATO-ROT. ' 

Phytophthora infestanSy De By, 
(Plate VII.) 

There is no vegetable more widely or generally used by all classes 
than the potato, and any disease affecting a product of such universal 
importance is of interest to every one. Although there are a number 

^ I desu-e to take this occasion to acknowledge the many kind favors received from 
Mr. Ellis in tiie aamiiig of specimefis of fungi submitted to him by me. 
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of ftingus diseases that affect the potato in one way or another, the 
disease most to be feared, and which has cansed greater losses to this 
crop than all other sources of injury combined, is the Potato-rot. 

There are very few farmers in the principal potato-growing States 
who have not suffered to some extent at least from this evil, and in 
seasons favorable to the development of the disease many there are 
who have lost one-half or even their entire crop on account of it. 

This was one of the hrst plant diseases investigated by scientists 
with a view of obtaining some elficient remedy . These investigations 
have^settled the direct cause of Potato-rot beyond question, but a 
practical and efficient remedy remains yet to be discovered. Indi- 
viduals may have secured their crops from this disease by various 
practices, some of which may possess merits that will eventually brir cr 
them into general use; but however valuable these methods really are^ 
a prejudice exists against their general adoption which would, in 
some degree at least, be removed if they were based on other author- 
ity. It is the purpose of this division to institute a series of experi- 
ments to prove to the public the real value, if any, of the treatments 
that appear to have been successful in the hands of some cultivators 
and to try others that may give promise of success. ' 

With a view of learning the experience of practical men upon mat- 
ters pertaining to this subject, and at the same time to ascertain as 
tar as possible, the actual range and the amount of the losses occa- 
sioned by the disease in question, a circular of inquiry was sent to the 
oflicers of all the agricultural and horticultural societies and grano-es 
throughout the country, as well as to many individuals supposed^or 
icnown to be able to give the information desired. That nearly 2 600 
replies coming from every State and Territory, have already been 
received is significant of the general interest and importance attached 
to this sub3ect. With the force available it is practically impossible 
to compile and arrange the material thus accumulated for publication 
m this report; but this work will be done as soon as the facilities at 
command will permit/and the results, together with a more complete 
account of the nature and habits of the fungus.that produces the dis- 
^^mt ^ ^PP^a^ in a special bulletin of the division.- 

This report is limited to the following brief - account of the disease 
prepared by my assistant, Mr, Erwin F. Smith; who has also ren- 
aered valuable assistance in preparing other parts of this report 
. ^umerous fungi are found upon the potato, but Fhytaphthora 
mfestansBeBaj^j appears to be the most widely destructive one 
Many of the others are only such as feed upon vegetable matter 
already in paij or wholly disorganized. This seems to be the case 
with most of the bacteria and with all of the various molds which 
abound m rotting potatoes, though not more than in other decaviner 
substances^^^ A common ascomycetous fungus, one form of which is 
known as^Fusispm Mart. , has been described as parasitic, 

and stated to be^^^ sometimes equally damaging to potatoes with the 
PeronosporaJPhytopM^^ itself,- but of this there is no good 
evidence. Phytophthora tnfestans is exclusively parasitic, though 
not entirely confined to the potato. The external appearance of t£is 
fungus is shown m Plate VII. - 
^ The brown or black discoloration of the tubers and the blight of the 

biff\tp™ ^'''''^^^ growers to be different diseases, 

but they are only two phases ot one disease, being due to the same 
tungus. During the growing season the mycelium of the Phvtovh- 
thora may he found in the diseased stems and leaves; and, if 
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stifficient moisture in tlie air, the conidia or summer spores (see plate) 
are produced by myriads upon the diseased vines. These spores, 
"blown about by the wind or carried by insects, birds, or other ani- 
mals, find lodgment on healthy plants. Dry air soon destroys them, 
but in drops of dew or rain they germinate readily, so that many 
thousand new centers of infection may begin in the course of a single 
day. The sudden rot of the green tissues of the plant, so often ob- 
served when the weather is warm and wet, is due to the rapid propa- 
gation of the fungus by means of these summer-spores, although the 
direct breaking down of the tissues is generally accomplished by bac- 
teria and A.scomycetous fungi. 

Undoubtedly the mycelium of PhytophtJiora m^ay grow down 
through the stalks and thus reach the tubers, but this has never been 
proved. The tubers are ordinarily infected by the conidia, which 
may be washed into the soil by rains or carried down by small ani- 
mals. A wet rot of the tubers does not always follow their infection. 
Very often the only indications of disease are some superficial dis- 
colorations of the tuber. These brown or black spots contain the 
mycelium of the fungus. At first these spots are scattering and near 
the surface of the tuber, but during the winter they may increase in 
number and size as the mycelial threads penetrate farther and 
farther into the sound tissue, I have found the minute threads of 
this fungus penetrating the sound tissues for some distance (one cen- 
timeter or more) beyond the discolored parts of the tuber, and, by 
exposing these white and apparently sound portions to moist air for 
some days, have obtained conidiophores and conidia (see pls^te) with 
which I have caused the rot in other tubers previously sound. This is, 
however, no new experiment; others have obtained the same results. 
That in damp, warm cellars or pits the summer spores may be devel- 
oped on the surface of infected tubers, and that the neighboring 
sound ones may thus be infected, is no longer a matter of specula- 
tion, but has been settled in the affirmative by observation. 

The Phytophthora liYes from year to year by means of its peren- 
nial mycelium lodged in the tuber. It is possible that the fungus is 
also propagated by winter spores, oospores, but this not certain. 
Spores have been figured and described as the winter spores of this 
fungus, but the evidence cannot be accepted as conclusive. The 
parasite finds its way into the fields along with the planted tubers, 
either concealed as mycelium within their tissues or adhering to the 
surface of the tubers in the form of recently developed conidia acci- 
dentally lodged thereon. It has been shown that the mycelium may 
grow from the tuber in the growing shoots and reach the surface 
and fructify in this way, or may develop conidia in the soil upon the 
surface of the tuber, whence the spores may be brought to the surface 
and find their way to the leaves and stems by the aid of earth- worm.s 
and various burrowing insects. In favorable weather the propaga- 
tion of the Jungus by summer spores is so rapid that only a few 
original centirs of infection are requisite in order to speedily infest 
a whole field or district. 

Certain conditions favoring rot are beyond control of the farmer. 
He cannot prevent w^arm, wet weather- but, by planting upon dry 
ground and by using the greatest care in the selection of tubers for 
planting, he may greatly diminish the severity of the rot. 'No tubers 
having dark spots or blotches upon their surface, or which look brown 
or black in places when cut open, should be planted. Whether early 
or late sorts will rot worse depends chiefly on the character of the 
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season, L e., whether the rainy weather is early or late. However, 
other things being equal, quick-growing varieties are probably safest. 

It is thought that something may be done to check the rot by the 
careful use of fungicides. As soon as brown or black specks begin 
to appear upon the vines they may be dusted with Podecliard powder,* 

hich treatment should be repeated as often as necessary. 

David's powder, f a remedy which proved very useful in the vine- 
yards of France in 1886, for the destruction of a fungus similar to the 
Fhytophthoi''a, may also prove useful in combating this fungus. It 
is recommended for trial. 

As these remedies are only tentative, parallel strips through the 
field should be left untreated, that the treated and untreated strips 
may be compared at the close of the season. Only in this way can 
any definite results be reached. 

PEAR BLIGHT. 

A glance at the back volumes of the Annual Eeport of this Depart- 
ment will show that this subject of- ''Pear Blight'^ has frequently 
been discussed. Theories without number have been advanced as to 
the cause of this malady and numerous remedies have been recom- 
mended for trial or stated to effect a positive cure. In the reportfor 
1854 blight is attributed to high culture, causing the tree to grow late 
in the fall, thereby preventing the wood from being well matured. 
In the report for 1851 the opmion of one writer is to the effect that 
''too mucli trimming, too much moisture, and too rich soils are some 
of the causes of blights in pear and apple trees," ^ In the report for 
1862 we find it stated that one form of "blight" in pear trees is in- 
duced by evaporation from the leaves at a time when the roots are 
unable to absorb moisture. The blight is attributed to insects in the 
report of 1863. In the report for 1868 we have the statement that "it 
is now fully established that the active agent in this disease is fungoid 
growth." In the report for 1872 it is affirmed that "Pear Blight is 
a local fungus fermentation of the genus IbrwZa." 

Remedies,— In the report for 1849 "Amputation of the diseased 
limbs far below the least appearance of disease, having care to keep 
the knife clean, so as not to inoculate healthy trees with the poison- 
ous juices of diseased ones, and apply crude iron filings to and around 
the roots," is the recommended treatment. 

In the report for 1851 it is stated that "the best and only remedy 
for blight of pear and apple trees is a full and unsparing use of the 
knife. Cut below the blight some distance; if you lose the limb you 
save the tree." In the report for 1870 mulching the trees is recom- 
mended to prevent blight. 

Through the recent investigations of Professors Burrill and Arthur 
the true cause of Pear Blight has been demonstrated to be due to a 
- bacterium. To Prof essor Burrill is due the honor of first having dis- 
covered the real nature of this disease, and the experiments made by 
Professor Arthur have not only verified those of Professor Burrill, 
but have been extended so as to settle the question beyond dispute. 
These gentlemen are now recognized authorities on this subject, and 
Professor Arthur was engaged to prepare a report upon it, as a part 
of the work of this section^ which is here submitted. 
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PEAR BLIGHT. 

Micrococcus amylovortts Bur. 
By J. C, Abthur. 

No introductory description of the disease called Pear Blight, or Fire 
Blight, is needed in order to distinguish it or call it to mind. For 
nearly a century it has been the most prolific theme for discussion by 
horticiiltural writers and speakers among the whole range of plant 
maladies. _ Horticultural societies have talked themselves weary over 
it, and editors of horticultural periodicals have found it necessary to 
put a brake on the blight writers. The Western New York Horti- 
cultural Society several years ago passed a resolution that the subject 
should not be discussed in its meetings unless there were new facts 
and additional information to be given. The acting president of the 
American Pomological Society once cooled the ardor of discussion on 
this subject by observing: "1 confess I have nothing to say except 
Vfhat is pure speculation, and I have got tired of speculation and of 
hearing it on this subject." 

One need not be at a loss to account for this perennial activity. 
The warm and repeated discussion which the subject has received is 
evidence in itself, and corroborates the fact that the disease is a 
serious evil, while the failure to reach conclusions that a majority 
can subscribe to shows how obscure and beyond ordinary scrutiny 
the cause lies, and how even to trace the external changes in the 
course of the disease has taxed the full powers of observation. It 
was with some appreciation of the intricate nature of the problem 
that different societies at various times offered, or talked of offering, 
prizes for the discovery of the cause of the disease and of a remedy. 
They of ten contented themselves, however, with the appointment of 
a committee from their own number, with instructions to study up 
the matter and report at a subsequent meeting. The accompanying 
toap will show in a general way how wide an extent of country is af- 
fected. It has been compiled from such data as could be gleaned 
from horticultural journals and reports of horticultural societies. 

^ How the cause of blight was finally discovered by Prof . T. J. Bur- 
rill, and additional verification worked out by the writer, need not 
be narrated here ; it is much more to the point to state the results 
and practical deductions, and leave the steps by which they have 
been reached to be learned by reference to the original publications. 

The cause of Pear Blight, as established by the last seven years of 
research, is connected with the activity of germs, and the malady be- 
longs to the category of germ diseases, now definitely proven to occur 
both among animals and plants. The germs causing blight are of 
extreme tenuity ; they are borne from place to place and from tree 
to tree by the atmosphere, which is never so quiet but that its move- 
ments are sufficient to keep such impalpable bodies afloat. Upon the 
^erms findin'g entrance to the juices of the plant the disease is set up 
in a more or less virulent form. 

At the present time it is very well understood by all that bacterial 
germs are in the greatest abundance everywhere, and we may well 
inquire why all trees, at least all pear trees, are not speedily extermi- 
nated. The chief safeguard from such a calamity is the fact that but 
one specific kind of bacteria (named Micrococcus amylovoriis Bur.) 
is able to thrive in the tissues of the pear tree, and in consequence all 
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other bacteria, whatever may be their capacity for inciting disease 
in other plants or animals, are debarred and harmless so far as the 
pear tree is concerned. Why it is that only this one kind can suc- 
cessfully overcome the forces in the tree and break down its structure 
is not definitely known, but it is usually accepted that the acidity of 
the plant juices, being in general unfavorable to bacterial develop- 
ment, but not affecting this species, is to be accounted one reason, 
although it may not be the principal one. 

Knowing that but one kind of germ can set up the disease, it be- 
comes evident that its discontinuous appearance mthe same locality 
is explainable on the same grounds that govern epidemic diseases of 
animals. It requires a conjunction of favorable circumstances not 
likely to be maintained long at a time, to permit maximum develop- 
ment, thus giving rise to occasional severe visitations, with interme- 
diate years of feeble manifestation or total disappearance. 

It is also found by means of inoculation tests that not all trees are 
susceptible to this disease, but only those embraced in the Pome fam- 
ily, such as the pear, apple, crab-apple, quince, hawthorn, and sev- 
eral other thorns, mountain ash, &c. , and of these the pear is so much 
the greatest sufferer that the disease is usually called Pear Blight, 
although the descriptive term Fire Blight is also in common use. 

Besiaes the safeguards already mentioned, each tree is shielded 
against the invasion of germs by a dry cuticle or bark which envelops 
the aerial portion, and when fully mature and unbroken proves an 
effective barrier. As the roots are protected from air infection by the 
soil, the tree in winter, under ordinary circumstances, is abundantly 
guarded at every point. In summer, however, the leaves, with their 
innumerable open stomata and tender watery tissues, would naturally 
be supposed to offer ample opportunity for the entrance of germs from 
the air, if such came in contact with them. It is a curious fact, how- 
eter, that has jet received no explanation, but which is substantiated 
by both experiment and observation, that the blight bacteria will not 

frow in the leaves, whether naturally or artificially introduced ; the 
eath of the leaves on a blighting tree is brought about by want of 
nourishment, the supply being cut off when the conducting power of 
the limb on which they are seated is destroyed by the disease. 

While the tree is well protected over most of its surface, there are, 
nevertheless, certain vulnerable points, and none more so than the 
inside of the flower cup. The surface at the base of the styles is 
moist and uncuticularized, and the germs which touch it are securely 
held, find no difficulty in penetrating and developing in the soft tis- 
sues of the thickened base of the flower, and by passing along the 
pedicel convey the disease to the twigs and branches. The short 
period that the flowers are open is time enough to seal the doom of 
many limbs, and even'whole trees. The symptoms of the disease are 
not observable for days, or more usually weeks, and frequently the 
first knowledge of impending danger is seen in the blackening leaves 
near the flowers. If an early examination is made, the dead flowers, 
or flower-sets, no larger or but little larger than when they first 
opened some time before, will usually be sufficient evidence, if' taken 
in connection with the time that has elapsed since flowering and with 
the present development of the foliage, to show that the germs passed 
in through this channel. We have in this fact a satisfactory explana- 
tion of the common observation of orchardists that trees are far more 
likely to succumb to the blight when they come into bearing than at 
any previous time. 
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Anotlier vulMralDle point for tlie attack of blight is at the growing 
tips of the branches, or at any point where there are developing bnds. 
At such places the tissues, including the epidermis, are tender and 
filled with nutrient sap, while the outer surface of the organ is not 
yet cuticularized and rendered impervious. As the shoot ceases to 
elongate and aOTroaches maturity the chances for infection become 
less and less. Tlie early part of the season is consequently the most 
dangerous part/ and allowing for the incubation period, during which 
the disease is inconspicuous, its strongest manifestation naturally 
falls in June and July. As the grovrth at the extremities is more 
vigorous or more protracted the possibilities of infection are corre- 
spondingly increased, and a ^'growing season" is likely therefore to 
be a blight season, A connection between immaturity and blight 
has long been suspected, but explanations of the matter have hereto- 
fore been erroneous. 

Besides the two vulnerable points already mentioned, there may 
now and then be another, brought out by cracking or other injury of 
the bark, and occurring on any part of the tree, but more commonly 
on the trunk. Through these cracks, however minute, the germs 
gain access to the interior of the tree, and the disease is started. The 
after progress is usually slow, on account of the solidity of the tis- 
sues, and progressing about equally in all directions, forms a patch of 
dead bark, which becomes dry and hai?d, of ten somewhat sunken, and 
usually separated from the living bark by a well-defined outline or 
crack. Such injury is commonly known as sun scald, and has been 
specially studied by Professor Burrill, to whom we are indebted for 
our knowledge of its origin. The spots occur most abundantly on 
the southwest side of the tree, being the side which is most affected 
by the heat of the sun. The cracks through which the germs first 
gain access are the result of the drying out and contraction of the 
bark, and in so far the injury is due to the sun, although in no sense 
a "scald," Blight upon the trunks and larger limbs is also often 
contracted from small short spurs with a few leaves, which admit the 
germs at the time the spring growth is taking place. 

Preventives and re7?^e<i^e5.— Whatever form Pear Blight assumes, 
it is started by gernis gaining access to the tree in one of the three 
ways described— through the flowers, the growing shoots, or injuries 
of the bark, No method is known or has yet suggested itself of ren- 
dering the tree insusceptible to the disease, and a direct prevention 
must be sought in some means of excluding the germs. There are 
three ways by which germicides may be applied to trees— bjr fumiga- 
tion, by spraying, and by washing. The first method offers a pos- 
sibility of at least partial success, and appears to be the only means 
by which one can hope to protect the flowers. 

The trials made so far have been with sulphur fnixed with lime, and 
applied as a wash to the trunks. It is claimed Uy careful orchardists 
that the odor of the sulphur can be detected for weeks after treatment, 
and that it has proved satisfactory in warding off the disease. Whether 
more thorough and extended experiments will substantiate this con- 
clusion, or show that the supposed immunitv comes from other and 
accidental causes, there is yet no firm basis for an opinion. 

Spraying offers little more hope of success than fumigation. The 
inner surface of the flowers are so well protected by the stamens and 
other organs that the antiseptic used does no service. The growing 
shoots have their tender est parts partially protected with the terminal 
cluster of leaves, and a fresh surf ace is continually forming which it 
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would be hopeless to expect to keep fully disinfected. An experi- 
ment tried during last season in spraying with a solution of hypo- 
sulphite of soda, applied several times during the period of expansion 
of the buds, gave no eyidence of beneficial effects. 

The application of washes cannot, of course, be made to the flowers 
or growing shoots, but excellent results may reasonably be expected 
when made to the trunks and larger branches. SuflBcient study has 
not yet been given to the matter to say what will prove the most 
effective application, but linseed oil has been advocated as forming 
an elastic coatings and to it might be added some sulphur, and at 
least 1 per cent, of carbolic acid. This would seem to answer every 
requirement for an antiseptic, and for the exclusion of atmospheric 
germs from the cracks in the bark. To decrease the amount of crack- 
ing the body of the tree may be shielded from the sun's fiercest rays 
by a low trimmed head, or by leaning the whole tree toward the 
southwest, or by boards, matting, or other protection, on the sunny 
side of the trunks. 

Among the indirect methods of fighting the disease none are more 
important than those which secure slow growth and early maturity 
of the shoots. This has been recognized from the first agitation of 
the subject, but until the present time there has been no unanimity 
of opinion as to the exact objects to be accomplished. From the pre- 
ceding account it is apparent, however, that the chief aim should be 
(a) to keep the amount of tender surface of shoots at a minimum, in 
order to diminish the chances for the penetration of germs, and (b) to 
make the tissues as solid as possible, as the progress of the disease 
and the chances of its entire cessation are in inverse ratio to the suc- 
culency of the parts attacked. 

, The means for producing uniform growth and early maturity which 
have found favor from time to time are various, and their value for 
special cases is usually conditional.. One of the most generally appli- 
cable methods is to convert the orchard into permanent meadow after 
the; third or fourth year from setting, to be treated with an annual 
dressing of chemical fertilizers or a moderate application of stable 
manure. Experience shows that this method considerably reduces 
the percentage of blight while maintaining f ruitf ulness at nearly or 
quite the usual standard. The cultivation of some crop during the 
season, such as oats or buckwhea>t, is less effective. Eestricting prun- 
ing as much as possible has some value. Root pruning has been 
warmly advocated, but is only advisable when there is strong proba- 
bility of a severe attack of the disease, and is not applicable to all 
situations. Certain varieties, e: g, , Duchesse and Seckel, are less in- 
jured by the disease than others; and the selection of varieties in 
their relation to the disease is therefore to be borne in mind. 

Of genuine remedies there are none; but as the disease is local, 
and spreads through the tissues slovvdy, it is possible, as has long 
been known, to effectively check its progress by amputation. The 
smaller limbs are to be cut off a foot or two below the lowest mani- 
festation of the disease, and the spots on the trunk and larger limbs 
are to be shaved out, cutting deep enough to remove all discolora- 
tion. A careful operator will keep the knife disinfected with car- 
bolic acid or otherwise; if this is not done the disease will be con- 
veyed in a small percentage of instances to the freshly cut surface, 
necessitating a subsequent excision. The beneficial effects of this 
treatment are least apparent during periods of epidemic, when the 
tree is attacked at almost every vulnerable point. At such times 
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a more radical method has been found serviceable, which is to cut 
off the whole top to within a foot or two of the ground. It can be 
practiced to advantage upon trees that are as much as ten years old, 
or even older. 

GRASS FUNGI. 

The grasses are especially subject to the attacks of fungi, every 
part— the stem, leaves, flowers, and grain — ^being exposed to their rav- 
ages. They are the prey to members of nearly every order of the 
class of fungi, but those of the UsHlaainece—iliiQ " smut "-producing 
species— are the raost destructive of all. Ergot, j^roduced in the flov/- 
ers of many grasses valued for hay or forage, is caused by a pyreno- 
mycetous fungus {Claviceps purpurea). This is the most notable 
among the grass fungi on account of its effect upon stock that may 
feed upon hay affected with it. 

All these fungi that do more or less injury to our grass crop are 
of interest to the farmer and stock raiser, and as material can be 
collected and observations made they will be severally treated. 

Last year Prof. William Trelease, of the Shaw School of Bot- 
any, furnished for this division a report on the '^smut of timothy," 
which was published in the annual for 1885. This year, at my re- 
quest, he has very kindly contributed an original paper on the leaf- 
spot clise^-^-^, of orchard grass. 

A SPOT DISEASE OP ORCHARD GRASS. 

ScolecotrichumgramimsFckl. 

(Plate VIII.) 

By William Trelease. 

The drought at Madison, Wis., and through the West generally, 
was extreme in the summer of 1886. For months there was not a 
shower sufficiently heavy to wet the ground. Pastures parched up so 
as to appear completely dead. Lawns were kept green only by daily 
sprinkling, and even then there was no use for the lawn-mower. In 
the latter part of August an abundance of rain fell, enough, indeed, 
to bring the average for the summer up to the normal amount. Stim- 
ulated by this, and the prevalent warmth, grasses of all descriptions 
made a rapid growth, even the browned turf starting into vigorous 
vegetation. 

Soon after this change, when the basal leaves of orchard grass 
{Dactylis glomerata) had reached their full length, my attention was 
attracted by a very abundant discoloration of this species, sometimes 
confined to the extremity of the leaves, sometimes extending nearly 
to their base. So far as my observations went nearly every stool of 
orchard grass was affected. 

The characteristic appearance of the diseased leaves is shown in Fig. 
1, Plate VIII. Elongated dark-brown or purplish-brown spots,, visi- 
ble on both surfaces of the leaf, appeared in greater or less profusion. 
Frequently, and as a rule when old, these spots were gray or whitish 
at the center, where they were marked by very minute black dots, 
barely visible to the naked eye, that occurred, in more or less regular 
rov7S, parallel to the nerves of the leaf. The tips of leaves tlia.t had 
been diseased for some time were dead and brown, but paler tiian the 
9 AG— '86 
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spots. This discoloration proceeded downward, until ultimately 
many of the leaves appeared to be dead nearly to the base of the Made. 

Under a slight enlargement, the black points on old spots appeared 
as velvety tiifts of dark threads, j)-i"otruding from the leaf. When 
enlarged sufficiently to show the epidermal cells of the leaf , they were 
seen to come from the stomata. As these occur in parallel lines, the 
regular arrangement of the dots is explained by their occurrence over 
the stomata. 

Ai: section through a leaf in one of the discolored spots shows that 
the epidermal cells are not much changed; but the parenchyma of the 
leaf-pulp is much altered, its cells having lost their plump form, and 
being consequently more separated than in the healthy leaf , while 
their normal green color has entirely disappeared, and yellow or 
brown oil-drops are more or less abundant in them. 

These changes in the leaf are shown by such a section to be con- 
nected with the presence of a colorless mycelium of branched, occa- 
sionally septate threads running between the pulp-cells. Under the 
stomata the mycelium collects in a more compact form, as a sort of 
false parenchyma, the upper cells of which assume a smoky-brown 
. 'Color, and ultimately emerge through the stomata as a tuft of slightly 
wavy, moi^e or less knotty, dark hyph£e, constituting the dark points 
that have, been already referred to* When these tufts are small they 
merely crowd the stomata open to their fullest capacity, but in most 
cases they enlarge so as to tear the epidermis open. 

The hyphsB which have emerged into the light in this way produce, 
as a rule, a single smoky-brown conidial spore each, whicli is borne 
at the apex. Occasionally a spore is also found at one of the knots 
along the side of a hypha. The spores originate as enlargements of 
-the contracted tips of the hypha^., and at first are globular, then 
obovid, and finally somewhat spindle-shaped. When partly grown 
they are separated from the ends of the hyphae by thin walls, which 
split across when they are ripe, allowing them to fall. The center 
of each tuft of hyphse is the oliiest, and sheds its spores first. As the 
tuft enlarges new hyphse^ are crowded through at its margin, so that, 
forming spores, others which are ripe and old hyphse that have shed 
their spores, may be seen in a single section, as in Fig. 2. When 
fully mature the spores are typically two-celled, by a partition at or 
below the middle; but many of those which fall from these stalks 
and are apparently ripe are only one-celled. 

The disease is propagated by these bodies, which germinate by 
emitting slender, flexuous, or contorted colorless mycelial threads 
(Eig. 2 A.) These make their way through the stomata of the grass 
leaf and deyeloj) between the leaf cells, forming the mycelium that is 
seen in section of diseased leaves, which nourishes itself at the expense 
of the cells it grows between, and which are ultimately destroyed. 

The appearance of many of the older diseased leaves suggested that 
the fungus may have first attacked the dead tips of the short leaves 
parched by the drought. That it also causes the disease of otherwise 
fresh and healthy leaves is shown by the occurrence of the charac- 
teristic dark spots, bearing tufts of fertile hyph^ on green parts of 
these leaves, and on younger leaves that were only partly developed 
and entirely uninjured, except for the fungus. 

The parasite which caused this spot disease of orchard-grass is 
Scoledotrichum graminis, a species which occurs on various grasses 
m Europe, and has been collected once or 'twice in this country. It 
is one of the so-called imperfect fungi, and may be only a form of 
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one of the graminicolous Pyrenomycetes. Fiickel * considers it to be 
the conidial state of Sphaei^ia recutita, bnt I do not know that this 
has been proved. At any rate, it is not improbable that it passes the 
winter in some such form, but its summer propagation is effQcted by 
the conidial spores that I have described. 

ADDITIONAL NOTE ON ANTHRACNOSE. 

[Sphaceloma Ampelinum^ J}e Bj.) 

Since the report on this subject was in type the following note has 
been received from Mr. G. Ohderdonk, of Nursery, Tex. After re- 
ferring to the statement of Mr. A. W. Pearson, in Bulletin No. 2 of 
this Division, to the effect that he had seen no appearance of Sphace- 
loma ampelinum on an^^ of the ^stivalis class and that it was mostly 
observed on white grapes, Mr. Onderdonk says: 

The first that I ever saw of this fungus was about the year 1867. This was in this 
county, Yictoria, Texas. A few berries of Catawba were affected. Soon after it 
developed freely on some Lenoir clusters, and in 1884 I knew a vineyard in which a 
very promising crop of Lenoir was entirely destroyed by it. The Herbemont of the 
same vineyard was entirely exempt. Sometimes for years we saw nothing of the 
work of this fungus on any variety of the grape, and then there is a sudden inroad 
upon some neighborhood. But the scourge has never become widespread. 

There is one important contrast between our experience and that of observers in 
New jersey. In New Jersey none but white varieties suffered seriously, while in 
Southern Texas none of the white varieties became affected at ail, and the variety that 
Buffered most was the darkest color in our lot of grapes. This leads to a suggestion 
that there is some condition besides color that governs in the case. Perhaps a mi- 
croscopic examination may reveal that the structure of the skins of some varieties 
is more favorable to the propagation of the fungus than in case of other varieties. 

TABULAR LOCAL REPORTS. 

Prof. J. C. Artliur, botanist of the JSTew York Agricultural-Ex- 
periment Station at Geneva, was engaged to prepare a brief report on 
the condition of certain crops in Ms vicinity in respect to the priii- 
cipal fungous diseases affecting them.. At m^^ suggestion lie reduced 
Ms observations to a tabular form, as given below. A similar table 
for the vicinity of Washington, and another for certain points in 
Michigan, are added. 

^ ~ ' *Symbolse, ilyc. , 107. 



Plant diseases. Observed at Geneva, Western Neio York, hy J, C, Arthur, 



Parasite causing disease. 



Micrococcus amylovorus, Burr. 

.... do ...... 

.. ...do 

Fasicladiura pyrinum, Fckl . . . 



.do. 



Fusicladium dentriticum, Fckl 



.do . 



Morthiera Mespili, Fckl. 



Mortliiera Mespili, Fckl., var. 
JExoascus deformans, Fckl . . , 



Ustilago segelum, Pel's,; . . 

Ustilago Zeae-Mays (D. O.). 
Puccinia (several species) . 
Septoria cerasina, Pk . 



Name of disease. 



Pear blight; fire 

blight. 
Twig blight . . . . , 



Sim scald. 
Scab...... 



.do 

.do,.... 



.do. 



Spotting . . 

Yellowk 
Curl ...... 



Black-rot . . 
Smut . , . . , , 



...do 

Rust 

Cherry-leaf si)ot 

Rot.-.. 



Part affected. 



Trunk and branches. 
Small branches 



T V u n k an d 1 a r g e 

branches. 
Fruit 



Leaves . 
Fruit . . , 



Leaves 

Leaves and smail 

branches of young 

trees. 

Leaves and fruit. ...... 

Whole tree 

Leaves ... — . ... 



Green frait . . 
Whole plant . 



.....do 

.. ...do 

Leaves, causin.^ pre- 
mature fall of. 
Roots i 



Prevalence in 188G. 



Some orchard and many 

nursery trees killed. 
But httle seen 



Kot seen , 

Less abundant than usual . 



.do. 



Not as much as usual. 



do... 

Usual amoimt . 



FoliagiD and fruit hiuch in- 
jured. 

Not seen. J . .. ...... ..' 

Abundant 



Did not occur. 



Common , ... . 

do 

Abundant on young trees. 

Usual abundance ....... . 



Occurrence and injury in other years. 



Often very destructive, killing orchards. 
Only occasionally does permanent harm. 
Does Uttle injury. 

May decrease the market value of some varieties fully 

10 per cent. 
Interferes with fuU growth. 

In;iures the appearance and sale of a large part of the 

tiTiit groTni. 
Does harm by retarding growth. 

Especially injurious to nureery stock by checking 
growth and making it bark-bound, so that it is nec- 
essary to import stock from France for gi'afting. 

Usually occurs, but is not always a serious evil. 

Not common in this vicinity. 

An unmanageable disease, that debilitates many trees 

and kills some. 
Usually common, and may destroy half the fruit. 
Inconspicuous, but usually destroys fully 10 per cent. 

of the crop. 
Common. 
Do. 

Common and a specially serious drain on the vigor of 
young trees. 

Kills the plant attacked, and is common both out of 
doors and in propagating-hbuses. 



JPariial list of jparasitii} diseases of cultivated plants observed in Michigan hy Erivin F. Smith, 
[ObseiTations chiefly in Ionia, Clinton, Ingham, and Washtenaw Counties.] 



Fungiis causing the dis- 



common name. 



Mcrococcus iamylovo- 
rus, Burr. 



.do. 



Puccinia graminis, Pers. 



Cssoma nitens, Schw . 



XJstilago Zeae-Mays, 
Wint. 

Ustilago segetum, Pers 
, .. .. .do , 



Uncinula spiralis, B. & C. 
XJncinula subfusca, B. 
Erysiphe gi-amiiils, D. C . 



Plov/rightia inorbosa, 
Sacc. 

Physalospora Bidweliii, 
Sacc. 



Sphoceloma • a m p e 1 i - 
num, De By. 

Kamularia Tulasnei, 
Sacc. 



Blight . 



Twig-blight 



Rust. 



. . . do .. 
Smut . . 



.do . 
.do . 



Powdery mil- 
dew. 
...do 



Wheat mildew 
Black-knot ... 
Black-rot.. ., 

Anthracnose 
Spot disease . . 



Parts affected. 



Trunk and branches 



Smaller branches. 



All green parts, es- 
pecially leaves and 
stems. 



Green parts 

Green parts, espe- 
cially flowers and 
fruits. 

Flowers and f riiit . . ; 

...do 



Green parts 

...do 

Leaves and culms . . 

Branches 

Fruit .... 

...do 



Leaves . 



Observed in 1886. 



Locality. 



Lansing .... 



Not observed . 



Ann Arbor . 



...do 

Not observed . 



...do .... 
...do .... 



Not observed . 

Ann Arbor, : 

troit. 
Ann Arbor . . . 



Lansing . . 



Not observed; sea- 
son very dry. 



Agricultural Col- 
lege, near Lan- 
sing. 

Ann' Arbor, Lan- 
sing, Hubbards- 
ton. 



Severity. 



Sporadic. Severe on 
trees attacked, de- 
stroying large fruit- 
bearing limbs. 



Moderately plentiful . 



Serious injury to 
leaves and canes. 



Foliage considerably 
injured. 

In one field only; con- 
fined chiefly to the 
lov.^er leaves. 

Not abundant 



On full-grown Amber 
grapes,not common 



Injurious . 



Remarks on prevalence, severity, &c., in previous 



Not very destructive in the counties named, 
orchards entirely free. 



Many 



Some years ago an orchard near Lansing was severely 
injui'ed for several years in succession, but in 1886 I 
could find no trace of the disease in it, and the trees 
seemed to have recovered. 

On low gi'ound, or late sowings, the loss frequently 
reaches 50 per cent. I have s€M3n 20-acre fields so 
badly infested that clouds of red spore-dust followed 
the reaper, and covered the clbtmng and bodies Of 
the workmen. In such cases the wheat is always 
badly shi-unken. 

Common most years on both wild and cultivated soi'ts. 

Common and destructive. Most farmers take its pres- 
ence as a matter of course. 

Common and destructive. 

Does more or less injury every year. I saw one field of 

6 £vcres much injured (50 per cent.) in 187*0. 
Occui-s generally, but rarely does any serious injury. 



Common every year on June grass. 

Occm^ also on cherries, and I have occasionally seen it 
on wild plums and cherries in thickets. Not as de- 
structive as in the East. 

Common in 18{:'5, and in all wet seasons, when the loss 
around i:>etroit and Ann Arbor is neaiiy or quite one- 
third. In some vineyards 75 per cent, of the grapes 
have rotted in particularly bad years. 

Not elsewhere obsei-ved. 



Widely distributed, and often a serious drain upon the 
plant. , 



o 
o 

O, 

o 

CD 

o 



Partial list of parasitic diseases of cultivated plants observed in 3IicMgan—Conthmech 



Host. 



iTungus causing the dis- 
ease. 



Apx)le 

Fear . ..... 

Plum 



4pple and 

pear. 
Peacli 



Plum . , 



Tomato. 



Beans . 
Radish 
Grape . , 



Fusicladium deiitiiti- 
cum, Fu€k. 

Fusicladium i)yi'iiiuin, 
Fuclr. 

Monilia frnctigena, 
Pers. 



.do . 



Exoasciis defortxians, 



Exoascus pruni, Fuck . 

(?), 



(?) 



Glseosporiuin lindemu- 
thianum, ' Sacc. and 

Mag. : ;. : 

Cystopuscandidus, I^ev. 

Peronospora viticdla, 
Be By. 



Common name. 



...do .. 
Rot .... 



.do . 



Plum-Madders 
Yellows ... 



Rot. 



Rust spots .... 

White rust 

Downy mildew 



Parts affected. 



Leayes and frait. . . . 

'..do 

Green and ripe f i-uit 



Fruit (on tree). 
Leaves . ,. 

Green fruit — 
Whole tree .... 



Green and ripening 
fruit. 



Pods 

Green parts . 



Leaves, young 
stems, and fruit. 



Observed in 188G. 



Locality. 



Ann Arbor, Lan- 
sing, HUbbards- 
ton. 

Aim Ai:bor, Lan- 
sing. 
Lansing 



...do...... 

Ann Arbor. 



Not observed . 
...do 



Ann Arbor, De- 
troit, lonia^ Lan- 
sing, Hubbards- 

' ton. 



Hubbardston . 
Ann Arbor . . . 



Not observed ;very 
dry seiason. 



Severity. 



Common . 



On leaves slight; on 
fruit severe. 

Three-fourths crop on 
some trees— Lom- 
bards. 



Serious on one or two 
varieties of each. 

Severe in one orchard. 
Loaves pale, and 
much swollen and 
distorted. 



Common. Loss 25 to 
50 per cent, of whole 
crop. 



Infrequent , 



Flowers and fruit 
enormously enlarged 
and distorted. 



Remarks on prevalence, severity, &c., in previous 
years. 



Widely distributed. Occasionally stops growth of 
apples and causes them to become one-sided or crack 
open. In jures the appearance and sale of fruit. 

Many of tiie pears brought into maricet, especially 
Bartletts, are mucli injured. 

Causes serious loss to plum-grow ei's. The rot spreads 
through clusters bv contact. Tufts of ash-gray hy- 
phte burs t throuf^h tbe epid ermi s, and bear great num- 
bers of oval spores, which, in every- instance, cause 
a rapid rot, when in troduced in very small numbers, 
under the skin of sound plums, or peaches, pears, 
and apples. Similar punctures, without introduction 
of spores, in n6 Qase produced rot. , 

Observed in only a few localities. 



Occurs on fruit of Friimts Americana and P. Virgin- 
iana, wild and in cultivation, in Clintpn County. 

Does not occur at Lansing or Ann Arbor, but has de- 
stroved whole orchards in the southwestern part of 
thtj State, where peach-growing is an important ui- 
dustry. j 

Has attracted attention in Michigan for four or five • 
years. In 18S6 llie rot was w^oi*se in early part of sea- 
son, but many rotten fruits were to be seen in Sep- 
tember. The rotten spots contained bacteria and my- 
celia and on the surface in great numbers of the 
microconidia of Ilypomyces Solani, also a Clado- 
sporium resembling C. herbarum—these fungi sepa- 
rately and also growing tpgether. 

Produces I'ound or elongate reddish-bro\\Ti depres- 
sions, which deepen and coalesce, destroying the pod. 

Common everywhere oh Shepherd's-pnrse; less so' on 
radish and mustard. 

Common about Ann Arbor, Lan.sing, &c.,- in 1885, and 
for some years previous. Moderately destructive. 



Tabular list of sortie of the fungus diseases of plants observed about Washington, D.O,, in 1886. 



Host. 



Fungus causing disease. 



Common name. 



Part affected. 



Reniarks on severity, prevalence, &c. 



Pear Micrococcus amylovorus, Bur. . . 

Apple ......do "i.' 

' Do . . , Eoestelia penicillata, Fr ....... . 

Do ...... . Fusicladitmi dentriticum, Fcld . ; 



Peach 

Do...... 

Do. 

Plum 

Do 

GrDL^Q 

Do'.'.'.'V. 

Do 

Currant 

Raspberry . . 
Stra^yberry. 

Beet 

Rose.. ...... 



Do.... , 

Indian com. .... 
Oats 

Do... 

Horse chestnut . , 



Catalpa . 

Elm 

Tomato. , 



■(?).. 



Exoascus deformans, Berk 

Monilia sp 

Monilia fructigena, Fers. 

Plowrightia morbosa, Sacc — 
Peronospora viticola, De By . . . 

Uncinula spiralis, B. & C 

Physalospora BidweUii, Sacc . . 
Phyllosticta Labruscj3s, Thum . 



Cylindrosporium 

Kamularia Tulasnei, Sacc . . 
Cercospora Betsecola, Sacc. 
Asteroma Rosge, D. C 



Sphaerotheca pannosa, Lev ......... 

XJstilago Zese-Mays (D. C.) 

Ustiiago segetum, Pers 

Puccinia graminiS, Pers 

Phyllosticta sphjeropsoidea, E. & E . 



Phyllosticta Catalpae, E. & M . 

Spheeria Ulmse, Schw 

■ .-(?) 



BliGTht 

Twig- blight. . . . 
Applo-mst- . . . . 
Apple-scab . . . . 



YelLows ; . . . . . 

Peach-leaf curl . . . 
Rot............... 

... do 

Black-knot 

Downy mildew . . . 
Powdery mildew. . 

Black-rot 

Leaf -spot... 

Leai'-b]ight 

....do 

Leai-biiglit, ■ ' rust ' ' 

Leaf -l)iight ... 

Eose asteroma, or 
"bkick-spot."'* 

Rose mildew 

Smut 

do 



Rust, ''mildew'" 
Leaf browning . 



Leaf -spot 

Elm sphaaria 

Rot, or black-rot. 



Trunk and branches 

Smaller branches 

Leaves and fruit 

Leaves, young twigs, and fruit. 



Whole tree 

Leaves 

Green and ripe fmit 

.do 

Branches 

Leaves, green shoots, and berries 



Berries . 
Leaves . 

do . 

do. 

do . 

do. 

do . 



.do . 



Varic us parts, especially the ear 

Grain and panicle 

Stem and leaves ....... ... 

Leaves 



.do . 
.do . 



Green and ripening fruit . 



Severe ; .wme orchards practically destroyed. 

Very destructive in some orchards. 

Conlnion and very severe on some varieties. 

Not seers, except on fruit in market. Communicated by sev- 
eral correspondents, and reported to be very injurioug." Oc- 
curs, on fruit of cultivated 6VceteQft*s Pv/racantM 

Not uncommon. 

Ob.served, but apparently not common. 

Noticed occasionally, and peihaps common. 

Conimon, doing considerable injury. 

Observed within the city limits; apparently not common. 

Abundant and destructive. 

Common, both in the grapery and on vines out of doors. 
Very destructive in ail vineyards. 
Comm on early in the season on many varieties. 
Common on bushes on Department grounds- 
Do. 

Com-uion and destructive to some varieties. 
Seen frequently. 

Common on several varieties in the gardens, and very de- 
structive to the foliage. 
Seen on some varieties. 

Common, especially on the ' ' sweet ^ ' varieties. 
Common. 
Do. 

Common and greatly injuring the foliage of the trees in the 
city. 

Common and destructive to foliage in August and September. 
Common, in jming the fohage. 
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EXPLANATION TO PLATE L 
THE BGWNY MILDEW OF THE i&EAPE, CONIDIA, COKIDIOPHORES, ETC. 
Fia. l. A conidium, or " summer spore." 

Fig. 2. A similar conidium, in which the contents has: commenced segmentation or 

division into zodspores. 
Fig, 3. a similar spore, representing a more advanced stage in the segmentation 
- Fig. 4. Zoospores escaping from the conidium. 
Fig. 5. A zoospore more highly magnified, showing the two cilia. 
Fig. C. Same as Fig. 5, having lost its cilia and assumed a definite shape. 
Figs, 7 and 8. The same, pushing out germ tube. 

Fig. 9. The shaded portion reprensets a fragment of mycelium of the Mildew grow- 
ing between the cells of the host plant, a, a, suckers or haustoria (after 
Farlow). 

Fig. 10. A group of fructiferous filaments or conidiophores, which have gi'own out 
of the leaf tln-ough one of the breathmg pores" (after Cornu). 

Fig. 11. Fecundation of the oospore from a sample found in the tissue of a mildewed 
leaf, a, the antheridium when about to emit its protoplasm into the 
oogonium (after Viala). 
. Fig. 13. An oospore, or winter spore" (after Cornu). 

EXPLANATION TO PLATE II, 

COI^TimAv ASCUS-FRUIT, ETC., OF UNCINULlA. SPIRALIS, 13. 

Fig, 1. Mycelium from surface of grape leaf , showing tv.^o haustoria and three up- 
right conidiophores in different stages of gTowth. At the right above are 
two mature cOnidia, one of which is reiJi-esented as just detached froni its 

" support. 

EiG. 3. A germinating conidium, or summer spore. The spore may give rise to one 
or several ^erm tubes. These spores serve for the propagation of the fun- 
gus througii the summer and autumn. ; 

Fig. 3. Epidermis of gi-ape-berry upon which the mycelium oi Uncimila lms grown. 

Much enlarged; to the unaided eye the efLects of the mycelium on the 
berry are visible as brown lines, xlots, or blotches. . . 

Fig. 4. Perithecium, or ascus-fruit, showing pseudoparcnchymatous structure; the 
coiled arms, or appendages; and three escaping asci with the inclosed 
spores — Avinter spores, thecaoc>pores, or ascospores, as tliev are variously 
called. The normal number of spores is six. Tiie conidia^occur through- 
out the season; the perithecia are formed m autumn. 

EXPLANATION TO PLATE IIL 
VARIOUS STAGES IN THE DEVELOPMENT OP PHYSALOSPORA EIDWELLII, SACC. 

Fig. 1. A fragment of epidermis of a diseased berry, showing five of the black pus- 
tules formed by the development of the pycnidia. From four of these, 
. slender, contorted, worm-like filaments are being extruded; these are the 
stylospores held together by a kind of mucilage. 

Fig. 2. A section through a bit of the berry , including- an immature pycnidium (P) 
and spermagonium (S). At O is the osteoium of the pycnidium, through 
which the spores escape at maturity, m m are dark-bi-own, septate my- 
celial threads from the conceptacies. 

Fig. 3. a section of a portion of a pycnidium, more highly magnified, showing the 
basidia, or the stalks upon which the stylospores are borne, and several 
detached sporas. " " " 

Fig, 4. Section through the exterior portion of a pycnidium, showing conidiophores 
and conidia growing from the surf ace. 

Fig. 5. Three stylospores germinatingv ' 

Fig. 6. A section through the perithecium or conceptaele of the ascosporous form, 

showing the asci, &c. 
Fig. 7. Two separate asci, showing the eight sporidia in each. 

Fig. 8. An ascus, inclosing eight sporidia, found June 2, 1S86, in grape (destroyed 
in 1885 by Black-Rot) kept for a week in moist air. Fi'om earner a-lucida 
sketch made by Er win F> Smith in the laboratory of the University of 
Michigan. Mr. Smith notes that the " receptacles containing the asci are 
numerous, and the asci themselves abundant." 

Fig. 9. Four of the sporidia that have escaped from an ascus. 
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EXPLANATION TO PLATE IV. 



THE ANTHRACNOSE OF THE GRAPE (SPHACELOl^A AMPELINUM, DE BARY). 

Fig. 1. A bunch of Elvira grapes partially destroyed by anthracnose. Received 

from G. Wanner, Waihalla, S. a, June, 1886. 
EiG. 2. Vertical section (enlarged) of diseased berry, showing epidermis and sub- 



epidermal tissue. The basidia develop large numbers of spores («onidia), 
which lie immediately beneath the epidermis, a, and finally rupture the 
latter and escape, 



Fig. 3. Section similar to 5 of Fig, 2, but more enlarged. Here we have a mass of 



basidia differentiated into spores, and resting upon a bright-colored 
stroma, beneath wliich e is a dark layer of diseased tissues, which grad- 
ually passes into the deeper sound tissue, d. The mptured epidermis is 
seen at a. 



i^iG. 4. Matm-e spores, much magnified. These are usually thin walled and trans- 
parent, with one or more bright spots. 

Fig. 5. Same as Fig. 4, but germinating. This fungus probably exists in other forms, 
yet unknown. £)e Bary has found spermagonia associated with Sphace- 
loma, but has not been able to determine whether they belong to it. 



CONIDIA, CONIDIOPHORES, AND INTERNAL MYCELIUM OP CERCOSPOEA APII, FRIES. 

Fig. 1. The usual appearance of a leaflet of celery when attacked by blight. 
Fig. 2. A much-magnified ti'ansverse section of leaflet, showing mycelium traverse 
ing the loose tissue to pass through a stoma on the lower surface and de- 
velop linear, clavate, septate, colorless conidia. 
FiGi 3. A group of conidioi^hores pushing out of a stoma, as in Fig. 2, but more en- 



FiG. 4. Another and older group of conidiophores with conidia. 
F'iG. 5. Germinating conidia. ' 
Fig. 0. Intei-nal, transparent, branching, septate mycelium. 

Fig. 7. A new growth from a conidiophore (two months dry in herbarium) after 



soaking twelve hours in water, Tbe infected leaves were brought in from 
the market in October, and this drawing was made in December . 



Fig. 1. Diseased leaves and twig. Received from Ocala, Fla., June, 1886. 

Fig. 2. Small i^ortion of a leaf, considerably magnified to show the wart-llke ex- 
crescences in various stages of growth. 

Fig. 3, A vertical section through one of the older excrescences, shelving stroma, 
conidiophores, and conidia — of the fungus growing upon it. 



CONIDIOPHORES AND CONIDIA OF PHYTOPHTHOR A INFESTANS, DE BARY. 

Fig. 1. A luxuriant hypha filled with granular protoplasm, and bearing four imma- ^ 



ture conidia. The entire hypha, a considerable portion of which is not 
here represented, consisted of a single cell. Camera sketch, February 5, 
1886. The specimen was grown from sowings of conidia made in moist 
air one week previous on the cut surface of a sound potato. At a later 
stage of gTowth the conidia are partitioned off by cross-walls, and the 
protoplasm largely disappears from the branches. In old conidiophores, 
at hregular intervals a few cross-walls are occasionally to be found. No 
gepta were observed in the internal mycelium. 



Fig. 2. A conidiophore with mature conidia in place. The spores fall off easily 



wlien mature, especially if in contact with ^vater. This conidiophore grew 
from a solid white portion which was cut from the interior of a diseased 
tuber (one somewhat brown-spotted only), and placed in moist air, the 
mycelium having been previously detected in this part of the tuber. The 
figure shows the characteristic flask-shaped swellings of the conidiophores 
SLrA the manner of attachment of the conidia. The specimen v/as exam- 
ined dry, with a low power. The figure has been enlarged from a camera 
sketch, December 16, 1885. 



EXPLANATION TO PLATE V. 




EXPLANATION TO PLATE VI. 



THE OKANGE-LEAF SCAB— CLADOSPOEIUM SP. 



EXPLANATION TO PLATE YII. 
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Fig. 3. Conidiophore and ripe conidia from a growth on the cut surface of a tuber. 

Three conidia have fallen off at points indicated by the flask-shaped swell- 
ings. The conidia vary somewhat in size, as shown, Tlie one still at- 
_ tached shows^ by comparison the average size. Examined in water. 

Camera sketch, December 

. - EXPLANATION TO PLATE YIIL . V : 

SPOT DISEASE OF OUCHAUD GEASS. 

Fig. 1.\ xA portion of a leaf ot Dactylis glonierata, showing the characteristic spots, 

of the disease. . " ■ . . .. 

Fig. 2: A section through the leaf at one of -the stjots, showing the fungus causing 

- the disease. " 

Fig. 2 A/ Spores of the fungus, germinating. : 



3Etepen of the )t joologl6*l dectioa, t7. S. l>ept« of A^6alttire, 1888. Plate Z. 




r.L.S.. del 



Downy mildkw of the Guape {Per&nospara viiicola, B. & C). 



Beport of the MycologiMl Section, IJ. S. l>ep^ of Agrlcultare, ISM. 



Plate HI. 




port of the Mycological Section, U. S. Dept. of Agiiculture, 1886. 



Plate IV. 




Keport of the Mycological Section. XT. S. Dept. of Agrioulture, im. 



Plate V. 




p. L. S., del. 

Celerv-lkaf Bught (Cm-oos^ora Apii, Priest 



Report of theMycx)loqical Section, US.Dep't . of Agriculture. 1886. 



Plate VI. 




iueS llTMft* LIBERTY PRINTmS CO N Y 



ORANGE-LEAF SCAB 

(Cladosporium sp.) 



Keport of the Mycological Section, U. S. Dept. of Agriculture, 1886. 
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Fungus of the Potato Rot {Phytophthora in/estans, De Bary). 
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Spot Disease of Orciiakd GiiAi>s {Soolecotrichim grmnini$t Fif^l.). 
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THE 



MICRO SGOFIST. 



Sir: I liave the lionor to submit lierewith my nfteenth annnai re- 
port. In consequence of an increasing demand for information regard- 
ing the characteristics of butter substitutes, I have found it necessary 
to devote most of my time during the past year to the further inves- 
tigation of the polarizing properties of animal and vegetable fats, as 
determined by the use of the microscope, and to devising such other 
ready, sure, yet inexpensive methods of distinguishing oleomarga- 
rine from inilk butter as may be readily employed by microscopists 
and others. 

The recent enactment by Congress of an oleomargarine law, which 
2^ severe in it8 penalties, h.as rendered it all the more important that 
the methods employed in the detection of butter substitutes should 
be of the most reliable character, so that on the one hand no one may- 
be unjustly jpunished for a violation of national or State law, or on 
the other allowed to escape its penalties. " 

Pending the apiDointmxent of a microscopist in the Bureau of Inter- 
nal Revenue and the fitting up of a laboratory in that Bureau, I have 
made a number of examinations of suspected butter, at the request 
of the Gommissioner of Internal Revenue, some of which proved to 
be oleomargarine. 

- I have^devised during the present year a new and reliable method 
of detecting cotton-seed oil, benne oil, and gi'ound-nut oil in oleomar- 
garine or other butter substitutes. I have also detected borax in but- 
ter, oleo, neutral lard, oleomargarine, and butterine, not observed 
heretofore. I have found borax in each, of twenty samples of butter 
recently received from the State of Illinois. In December last a but- 
ter dealer of this city received from a New York firm ten tubs of 
, what was represented as fresh butter. The lack of butter odor led 
the merchant to suspect that he had received oleomargarine. At his 
request I examined samples of this butter under the microscope, but 
failed to discover in them crystals of fats common to oleomargarine, 
while well-defined crystals of borax (polarizing bodies) were present 
in abundance. On boiling these samples the atmosphere of the room 
became highly charged with the odor of butter. Repeated experi- 
ments satisfied me that all the samples were old butter deodorized 
with borax and by other means. ' ' \ 

The following paragraph from the columns of the New York Swij 
TQi^uUished in the Farm June 23, 1886, may give a clew 

to the reason for adding borax, a deodorizing salt, to old butter: 

A process of renovating old and rancid butter, now being worked at New Hamp- 
ton, Orange County, New York, as follows: The rancid stock is purchased in New 
York City and in Western markets, and costs the concern an average of 10 cents a 
pound. At the renovating wxrks it is placed in large vats and surrounded by boil- 
ing water. When the butter is he^ated to the right degree all impurities rise to the 
surface of the melted compound. They are skimmed o£l, and the remaining liquid 

(139) 
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butter is run from the vats to a big circular churn. There the milk and cream are 
added, and the ingredients are churned until the whole is thoroughly mixed and 
the new milk and cream have been formed into btitijer. The fresh butter is a small 
proportion of the whole, but it seems to leaven the lump, so that when it is ti*eated 
with butter coloring and salt it is turned -out as an apparently prima product of 
Orange CJounty. The dany inspector did not seem to regard this manufacturing of 
new-style butter as objectionable. - 

I am not prepared to say from personal experience wlaat tlie pliysi- 
ological effects of the constant nse of borax may be, bnt the follow- 
ing extract fYom the U7iited States Dispensatory will throw some 
light on this question: 

THE PHYSIOLOGa(UL ACTION OF i^^ " V 

In the case of six drams borax has no unpleasant effects except a temporary 
sense of oppression in the stomach, or, at most, nausea and vomiting. Continued 
large doses produce the same consequence as the prolonged us_e of other salts of 
sodium; liquefaction of the blood and scorbutic symptoms, and sometimes an impe- 
tiginous eruption of the skin. : " 

For the accompanying photographic-, illnstrations I , am greatly in- 
debted to the late Dr. Bernard Persh, and to M>. W. H. Walmsley, 
of Philadelphia, Pa., well known and expert microscopists. Fellows 
of the American Association for the Advancement of Science. These 
gentlemen gratnitonsly devoted time/ material, and skill to the work 
of photographing all the specimens of bntter and fat crystals with 
which I supplied them. For beauty of execntion and tr nthf nlness of 
delineation these illustrations cannot be surpassed, and fnliy corrob- 
orate all that I have heretofore written on this subject. " 

Much interest in these investigations has been expressed the :past 
year by men of science, among whom are some of the foremost biolo- 
gists, microscoxoists, and chemists of the universities - and scientific 
schools of this country. In some cases, on request, I have forwarded 
them mounted: specimens of crystals and photogTaphs The 
representatives of several foreign powers, resident in this city, have 
also expressed their personal interest in these investigations, and have 
requested that copies of all bulletins issued by the Bepartment relat- 
ing to the microscopical investigation of butter and fats be forwarded 
to their respective Governments. 

I have also made a number of examinations of foodstuffs which 
have been brought to me personally or sent from a distance, ^ : ; 

Examination of fibers from India has also occupied a portion of ' 
my time, but these latter investigations are incomplete^ and not yet- 
ready for publication. ' : ^ 

ARRANGEMENT OF MICROSCOPE, ETC. 

For the purpose of microscopic examination of butter and fats the 
instrument should be so constructed that Mcol's prisms, consisting 
ef a polarizer and analyzer, may be readily attached,* the polarizer 
below the stage and the analyzer between the objective (one-half inch) 
and lower end of the tube. By this arrangement a much larger field 
is obtained than when the analyzer is placed in the Lipper end of the 
tube, as is often the case. Having thus adapted the instrument to 
the work, place a green selenite on the stage and focus the objective 
to it, when an even green color mil be seen, Kext place a drop of 
pure oil on the selenite, focus again, and a green color is again seen. 



I always use a condenser over the polarizer. 
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Kow place a mounted slide of fresh butter, free from salt, over and 
in contact with the selenite, and you see the same green color. These 
experiments go to show that polarized light in passing throu^gjh puro 
oil and butter does not suffer depolarization. If we now combine a 
few particles of tallow with oil or butter, and rnount the specimen 
with a glass cover in the usual way, every particle of tallow will ex- 
hibit prismatic colors, the butter or oil being represented by the pure 
green color. In this illustration lies the f oundation of my method 
of distinguishing butter from oleomargarine or other butter substi- 
tutes.' 

CRYSTALLINE FORMATIONS OF BUTTER. 

In earlier papers I have stated that if fresh butter is boiled, strained, 
and cooled slowly, at a temperature of _a^ 60° F., mounted in the 
usual way, and viewed by polarized light, crystals will be seen, as 
represented by Figs. 1 to 4, inclusive, Plate I. 

Butter which has been improperly kept, subjected alternately to 
high and low temperatures, will, if treated as above, show crystals 
represented by Figs. 5 to 8, inclusive, same plate. If kept for a longer 
period, say from two to three months, stellate crystals appear, which 
in turn change during the process of fermentation to amorphous. 

These varied transitions can only be observed by keeping on hand 
the original samples for a long period of time. 

CRYSTALS OF PATS. 

In preparing animal and vegetable fats for the purpose of clGvelop- 
ing their normal crystals their natural consistency must be coiisid- 
ered. Some fats contain a much larger proportion of olein than 
others, that of fish, fowl, and swine, for instance, while the fat of the 
ox, sheep, and deer contains a smaller proportion of olein. The first 
named may be rendered, cooled, and examined without the addition 
of oil; The last mentioned will require oil to bring them to the con- 
sistency of butter. For this purpose I use pure cotton-seed oil. It 
is always desirable to simmer fats slowly, as by so doing they are not 
so liable to scorch. If cooled at a temperature of about 60° F. for 
about ten hours a perfect crystallization results. If quickly cooled, 
say at a temperature of about 32° F., the crystals will not form prop- 
erly, and in some cases will not be observed. 

HOW TO MOUNT CRYSTALS OP PATS. 

Describe a varnish ring, by means of a turn-table, using copal or 
other varnisli. In the center of this ring place some lard in quan- 
tity about the size of a small pin's head. Place over this a corre- 
sponding amount of cotton-seed oil, mix wifh a point, place a cover, 
corresponding in diameter with that of the ring, over and in contact 
with the soft varnish, and press gently. - The specimen may thus 1 e 
viewed by plain or polarized light. Other fats having very smt 11 
crystals may be mounted in this way.^ Globose crystals of butter or 
of other fats of large diameter require deep rings of a perman. nt 
character. 

Owing to a diversity in the size of butter crystals and the crysials 
of other animal fats, I have found it necessary to use powers varying 
from fifty to five hundred diameters. 
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Crystals of beef-fat are very unlilxe those foimd in what is known 
commercially as *' oleo/' Maniif aetrdrers of oleomargarine generally 
prefer oleo, becanse it is more digestible than beef -fat and approaclies 
nearer the character of pnre butter. Rendered beef -fat^^ 
shows crystals of a branched and foliated character, radiating from a 
common center and very distinctly marked. Plate I represents crys- 
tals of the fat of the omentnm, Hdney, marrow of feinnr, and ronhd 
of beef. (See Figs. 21, 22, 23, and 24.) G-enerally each gronp of 
branches is imbedded ia a mass of transhiceht fat (see Fig. 23, Plate I), 
imperfectly represented by photography, yet distinctly seen by the 
microscope. : _ ^ . 

- • ... . gleg: 

^ ^^Oleo," an extract of beef -fat, is used very extehsiyely in combi- 
nation with neutral lard, which, gives the substance toughness, pre- 
vents it from crumbling, and produces a closer resemblance to but- 
ter. Butter substitutes thus made cut and spread on bread like 
butter. As sold, oleo is not unlike butter. It has a slight taste of 
butter when fresh, but is much firmer to the touch. It has also a 
slight animal odor. Every specimen I have examined has contained 
borax, used, as I am informed, for the purpose of destroying the ani- 
mal odor. This it accomplishes to a great extent. When oleo is 
heated to a temperature of about 300° F. and cooled slowly, it yields 
crystals of a globose form, which exhibit a cross, as in Fig. if, Plate I.: 
These break up in course of time into highly stellate forms, the spines 
of which resemble thorns and proceed from a cornmon center (see 
Fig. 18). The primary oleo crystal is generally of a rich orange color, 
although it sometimes appears pure white and very small, say about 
the one-thousandth of an inch in diameter. (See description of oleo 
crystals, Plate IV.) 1 have produced oleo_ crystals as large as the one- 
hundredth of an inch in diameter by boiling oleo with yel- 
low oxide of lead. These have a dull orange color and appear very 
smooth. They also break up into highly spinous crystals, but as 
thus far observed do not show such forms as Figs. 5, (J, 7 and 8, com-; 
mon to butter, Plate I. See the spinous crystals of oleo, Plate IV, as 
compared with tertiary crystals of butter, 9, 10, 11, and 12, and with 
those of lard, 19 and 20, Plate I. Compare also crystals of beef -fat, 
21, 22, 23, and 24, with those of oleo. 

I have found in all my experiments, using fresh material, that 
when oleo is boiled in cotton-seed oil, say one-third oil to two-thirds : 
oleo, the globose crystals are invariably small as compared with those 
of butter. In color the butter crystal is either yellow or pure white, 
while the oleo crystal is of a deep orange or white. In butter the 
small immature secondary crystais, Fig. 2, Plate I, represented by 
sm^ll white globose bodies, diner from the yer^f small crystals in Fig. 
17, which show a cross, however ininute they may be. Compare 
also the butter crystal, Fig. 1, Plate I, 110 diameters, with the oleo 
crystals. Fig. 17, 140 diameters. Oleo; crystals. Fig. 2, Plate IV, 
are also 140 diameters, and represent the largest crystals of oleo I 
have seen, produced without the aid of chemicals. In Plate IV, 
Figs. I5 2, 4, and 11, represent globose crystals of boiled oleo as seen 
by polarized light ; Figs. 3, o, 6, 7, 8, and 9 their first change in proc- 
ess of decay. Fig. 12 represents a crystal of oleo and neutral lard 
compounded with salt and water and boiled after the fashion proposed 
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"by Professor Weber. The photograpli is a reproduction of one sent 
by Prof essor Weber witli tlie statement ^ lie could not distinguisli 
tne crystartlius made from real butter, represented by Fig. lO^as plio- 
tograpbed by Professor Betmers. Boiled butterine (Figs. 13 and 15), 
lie said/ was eqiually indistinguisliable, whereas 13 and 15 are simply 
poor representations of the oleo crystal. Fig. 14 is a photograph, 
by the late Doctor Persh, of a crystal of boiled butter. On contrast- 
ing the butter photographs of Plates; ir, and III with those of the 
: oleo (Plate IV), the diff erence is seen to be great. But it should be 
boriie in mind that in the practical work of detecting a butter sub- 
stitute by the microscope the suspected substance must be examined ^ 
first in the unboiled condition. The oleo crystals alluded to are ab- 
sent in all commercial butter substitutes, , / 

: NEUTKAL LARD. 

\Neutraliard is a product of leaf -lard rendered at the lowest possi- 
ble temperature. It is said that soda or a small portion of potash 
added in the rendering facilitates the maceration of the adipose tissue 
and secures a greater amount of the product. The remnants of tissue 
are generally observed in the lard thus tr^jated by means of trans- 
mitted light, and appear as brown bodies frequently enveloped in 
globules of oil. Keutral lard in bulk h whiter than common lard or 
^^oleo," and contains less stearin than the former, is firmer to the 
touch, and is deodorized with borax. The crystals, when immature, 
are small as compared with butter crystals, measuring about one two-. 
thousandths of an inch in diameter ^ sometimes showing a faint cross, 
but when large and well formed they do not exhibit a cross. These 
crystals are composed of acicular spines, proceeding from a common 
center, as seen in Fig. 0, Plate VI. - : 

. OLEOMARGARINE. \ \ ^. : 

In som,e cases freshly made oleomargarine, in consequence of being 
. suddenly chilled in the final stage of -manufacture, shows no fatty 
■ crystals when examined und^ 

I have lately discowr^^^ of oleomargarine of 

this character, inotinted on a glass slide 3 by 1 inch, under a cover- 
glass, heated over a spirit-lamp until the oleomargarine melts, and then 
cooled slowly, or until the fatty compound appears whitish (a process 
of about five minutes' duration), is seen on examination under the 
microscope in the beautifully crystallized forms common to artificial 
butter. Should the specimen pro ve to be largely composed of stearin, 
the crystals will be quite large and v/ell defined, and may be observed 
in the act of orystallizing. Figure 10, Plate V, represents specimens 
of this character. Several samples of oleomargarine containing large 
quantities of stearin reduced with oil to the consistency of butter, col- 
ored to imitate butter, have been forwarded to this Department dur- ; 
ing the present year by the Horn J, dairy commissioner for 

the State of Hew York. ^ , :- ^ 

Thus far I have not found any commercial oleomargarine that has 
not, on examination bv plain or polarized light, exhibited at once 
well-defined crystals 01 fats. 

EXTRAGTION OF COTTON-SEEi) OIL FROM OLEOMARGARINE. 

I read a paper relating to the detection of oleomargarine before 
the chemical section of the American Association for the Advance- 
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ment of Seience, Augnst, 1886^ at Btiffialo, and exMMtedlabaut half 
an ounce of cotton-seed oil whicli I had drained^ by a simple method, 
from a sample of oleomargarine. 

When I test for cotton-seed or henna oil in oleomargarine or other 
butter snhstitTite I boil abont six oiinees of the sample and allow it 
to cool and granulate, the object of which is to facilitate the escape of 
the oil through the interstices formed by the fatty granules. Having 
thus secured the most favorable conditions for drainage, I remove the 
oil by means of a Bunsen filter-pump. (See Plate YII.) 3By this means 
I have procured within a few hours, at a temperature of about ys"^ F., 
about a. gill of cotton-seed oil from three-fourths of a pound^^ 
margarine. When the oil is in excesa it may be drained at a lo 
temperature. The oil of butter may be removed in this way to a 
great extent, but requires a higher temperature to operate well. 
About 78°. F. is suitable for some varieties of butter. Butter oil, 
cotton-seed, benne, and other oils may be readily distinguished one 
from the other by well-known tests. At 65'' K oil of butter is ftuid. 
CottoH-seed and other oils used in oleomargarine are liquid at a much 
lower temperature than oil of butter. When a foreign oil is found 
in a; substance sold as pure butter the substance thus compounded is 
an oleomargarine under the law. 

THE BUNSEN FILTER-PUMP. 

Plate VII represents the ordinary .Biinsen filter-pump. The pump 
at A is firmly attached to a f aucet ;which has a good now of water. 
The water flows through to B,- thereby exhausting the air from the 
bottle through the tube E, and in turn from the bottle D through 
the connecting tubes F. The oleomargarine, previously boiled and 
freed from water by decantation and cooled, is put into the funnel Gr, 
into which a coarsely perforated platinum cone, filled with absorbent 
cotton, has been fitted. The water is now turned on and the appa- 
ratus set to work. As the air is exhausted from the t wobottles the 
oil in the oleomargarine is forced through into the bottle D. The 
identity of the oil is then tested. Tv/o bottles are used, so that in 
case of any inequality in pressure or flow the water backs into C and 
not into D, thus preserving the oil:resulting from the operation fre*^ 
from water or any foreign substance. _ ' ; 

COTTON-SEED OIL USED IN OLEOMARGARINE. 

The United States Dispensatory tlim describes cotton-seed oil, 
which is used as a constituent of oleoma^rgarine in some factories: 

Bleaehed cotton-seecl oil is perfectly transparent and has a pale straw color, a 
bland, mit-like taste, and a neutral reaction. Its specific gravity at W° C. (59° F.) is 
.935— .937 (.920— .980, U. S. P.); tliat of crude oil .030— .933. It is very ^axingly 
soluble in alcoiiol, but dissolves readily in ether, chloroform, benzine, &c. ifear 5° C. 
(41" F.) the oil bogms to deposit palmatin, but it does not congeal until cooled to —1" 
or —2° C. (30^ or 28.4° F.). Exposed to the air the oil gradually thickens, but it does 
not solidify. Cotton-seed oil consists chiefly of olein and palmatin. 

BENNE. 6IL. - - ; 

The following ciiaracteristics of "benne oil^ nsed in the mannf actnre 
of oleomargarine, ave Sblso ivom the United States Dispe^^m 

Benne oil has a yellow color, usually of a deeper hue than expressed almond oil, 
is thinner at ordinary temperatures than most other fixed oils, is nearly inodorous, 
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and has a bland and agreeable peculiar taste; and the specific gravity, .923* at 15° C» 
(59T.). Near the freezing point of water it becomes opaque, and congeals usually at 
about —5" C. (23'' F.), while the oil extracted by solvents congeals at about 5° G. (41* 
F.), forming a yellowish-white mass. It is a non-drying oil, and on exposure to air 
does not readily turn rancid. Oil of benne is obtained by subjecting benne-seeds to 
pressure. The yield is in the iieighborhood of 50 per cent, of the weight of the 
seeds. About 14,000 gallons of this oil were imported into the United States in 1876 
and 126,271 gallons in 1883. 

PEANUT OIL. ^ 

TMs oil, so mucli nsed in th© maiiiLf acture of oleomargarine, is thus 
described by the same authority: 

It is prepared Imm. Arachis hypogce, Linne (Bentley and Trimen Med. Plants, p, 
75), an annual herb mdigenous to tropical America, and now cultivated throughout 
the tropics. It is known in Brazil as amendoim or mandobim. The seeds contain 
about 45 per cent, of oil. This is pale yellow, thin, has the density .920, and a pe- 
culiar nutty flavor, becomess turbid at about 3" C. (37.4° F.), and congeals near— 5^ C. 
(23° F.). Nitrous acid causes the oil to congeal to a whitish mass; nitric acid colors 
it reddish, and sulphuric acid ^ayish-yellow, then green-brown. It consists of the 
glycerides of palmitic, arachic, and hypogceic cLcids. ) The latter crystallizes in 
needles, which melt near SS** C. (95° F.) Under the name of Jcatchung oil this oil is 
largely used in India in the pla,ce of olive oil. 

BUTTER T3SSTS CORROBORATED. 

The loiva State Begister, of the 9th of January, 1887, corroborates 
these tests in the following words: 

- The correctness of butter tests is a matter of interest to every citizen of Iowa , and 
the course of the Government officials in this matter has been closely watched. The 
result of the recent tests made in this city had a very beneficial effect upon public 
sentiment, which will be emphasised by the knowledge that Dr. Field, of this city, 
has made a careful microscopic test of the same samples and fully corroborates 
every one. In conversation with a .Regisrer scribe yesterday, Mr. Schermerhorn 
made the following statement of these last tests: " In view of the fact that the re- 
liability of rbutter tests? have been brought into question, I desire to state that I fur- 
nished to Dr. A. G. Field, of this city, eight packages of butter and mixtures for 
microscopical testing. They consisted of various mixtures of lard, salt, butter, but- 
terine, and also pure butter of various ages and modes of manufacture. With the 
exception of one package of gemune butter four years old they all had the ap- 
pearance of good butter. They were numbered and the composition of each re- 
corded, but of which Dr. Field knew nothing before -making the examination. In 
every case his report was correct. He stated that he followed the method of Dr. 
Thomas Taylor, of Washington, D. C/, relying principally upon the form of crystaJ 
and the use of polarized light. 

THOMAS TAYLOR, 

Microscojpist, 

Hon. Norman J. CoLMAM, ■ 

Commissioner, 
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CEYSTALLINE FORltATIOHS Off BUTTEB AND FATB, 

Figs. 1, 8, 8, and 4 Eepresent primary arystela of bute. a 80 to 110. " - 

Figs. 5 and 6. Secondary crystals formmg witliin primary orygtals. 

Figs, 7 and 8. Seeontey crystals which have separated from the primacy forms. 

^; xsatoiio. : ■ : : : * . : 

Figs. 9, 10, and 11. Tertiary crystals of totter, x 80 to 140. 

Fig. 12. Tertiary passing into the amorphomsr^^ : 

Figs. 13, 14, 15^ akd 16. Represent oleomargarine, x 80 to 110. 

Fig. it. Oleo x 140. This crystal is not fottnd in nnboiied oleomargai-ine; 

Fig. 18. OIgo in its second stage, as seen ia eleomargam 

Figs. 19 and 20. Common lard, x 140 to 400, - - 

Figs. 21, 22, 23, and 24. Crystals of beef -fat from various tissues of the ox. (Omen- 
tum, kidney, marrow of th© feiaur, aftd rouiid,) 

PLATE II. 

CRYSTALLINE FORMATIONS OF BUTTER AND FATS, AS SEEN BY POLARIZED LIGHT ANi> 
- ■ SELENITE PLATE. 

Figs. 1, 8, 3, and 4, Represent primary crystals of butter, x 80 to 110. 

Figs, 5 and 6, SecondatT crystals forming within the primary. 

Figs. 7 and 8, Secondary crystals which haYQ separated from the primary forms. 

X 80 to 110. - 
Figs. 9, 10, AND 11. Tertiary crystals of butter, x 80 to 140* : : 

Fig. 12. Tertiary passing iiito the amorphous, x 140, • 
Figs. 13. 14, 15, AND 16. Represent oleomargarine, x 80 to 110. 
Fig. 17.'01eo. X 140. 
Fig. 18. Oleo in its second stage, x 140. 
Figs. 19 and 20. Common lara. x 150. 

Figs. 21, 22, 23, and 24. Crystals of beef -fat from various tissues. (Omentum, kid- 
ney^ murrow of feimir, and rou^ VV:' : _ : 

; : . V- - , pLATEviii^ ■ ■ 

GRYSTALLINB FOBMATIDNS OF BIJT^ V : 

Figs. 1, 2, 3, 6, 8, 9, 13, and 14, Primary orystals of normal butter, x 80 to UO. 
Figs. 4, 7, and 10. Primary crystals showiug secondaries" formmg. 
Figs. 13 and 15. Secondary crystals of butter, x 80 to 140. .: 
Figs. 5 and 11. Tertiary erystala of butter, x 80 to 140. ^ . ^ 

crystalline FOP,MATIONS OF OLIO AND BUTTER. 

Figs. 1, 2, 4, and 11, Crystals of boiled oleo (Armour), x 70 to 140.. 

Figs. 3, 5, 6, 7, 8, and 9. Crystals of boiled oleo in process of decay. Such forms 
are iTeqiinntiy observed in oleomargarine, x 140. 

Fig. 10. The butter ciystal as photographed by Detmers, 

Fig, 13. A crystar of oleo and lard made by Prof eismv Weber, which he sa 

be distinguished from, that of the ;pure butter. (See Figs. 10 and 14.) 

Figs. 13 and 15. Crystals of boiled butterine as prepared by Professor Weber and 
photographed by Professor Detmers, representing the butter crystal accord- 
ing to Professor Y/eber. 

Fig. 14. The true butter crystal, photographed by the late Dr. Bernard Persh. 

Compare the above plate with the transition stages of butter crystals, Plate I. 

crystalline formations of oleo and oleomargarine. 

Fig. 1. Boiled oleo by plain hght, exhibiting spines, x 140. 
Fig. 3. Boiled oleo by polarized light, showing a cross, xl 40. 
Figs. 2, 4, 5, 6,9,11,12, 13, 14, and 15. General appearance of oleomargarme as s 
in the market, x 75 to HQ. 
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Fig. 7. Armour's oleomargarme boiled and cooled, x 140. 

Fig. 10. a specimen of oleomargarine composed mostly of stearin and cotton-seed 
oil. X 110. 

Fig. 8. Boiled butterine (Ai-mour's make), showing the oieo crystals, x 110. 

The aboye crystals were all photographed by polarized light, except in the case of 
Fig. 1, which was photographed by plain light. 

PLATE VI. : ; 



GRYSTALLINB FOKMATIONS OF VARIOUS FATS, 

Figs. 1 and 3. Respectively, primary and secondary crystals of loon fat. x 110. 
Figs. 2 and 8. Primary and secondary crystals of musk-rat fat. The primary (No. 

2) are always very small, measuring about three one-thousandths of an inch 

in diameter. 

Fig. 4. Crystals of oleo. x 140 diameters. (Extract of beef fat.) 

Fig. 5. Crystals of common lard by plain light, x 400. 

Fig. 6. Secondary crystals of butter, x 110. 

Fig. 7. Crystals of beef fat. X 140. 

Fig. 9. Crystals of deer fat. x 140, 

Fig. 10. Lard by plain light, x 140. 

Fig. 11. Crystals of the solid fat of cotton-seed oil. x 110. 
Fig. 12. Neutral lard crystals, immature, x 140. 



Plate i. 



CRYSTALLINE FORMATIONS OF BUTTER AND FATS, 




piateii CRYSTALUNE FORMATION OF BUTTERAND FAT. 




PlATE IV. 

CRYSTALLINE FORiMATTONS OF "OLEO'* & HUTT^.R. 





V. 

CRYSTALLINE FORMATIONS OF "OLEO" & OLEOMARGINE. BOILED AND RAW. 




REPORT OF CHIEF OF FORESTRY DI VISION. 



Sir: I tave the honor lieremtli to transm my annual report for 
the eurrent year, embracing in its first i^art, besides the outline of 
work pursued in this Division, a brief review of the questions which 
underlie the consideration of Government action in regard to a forest 
policy, and also an account of the present condition of forestry in the 
United States. In the second part I have attempted to state briefly 
the elementary principles which must be understood before we can 
hope to establish a successful forest management. In this part the 
of ten-asked questions, " What to plant and /'Howto plant'' have 
received a broad consideration, such alone as can be given to them in a 
report of limited size and for a country with such diversity of soil, 
climatic, floral, and economic conditions. 

I beg leave to report that with the studies of the biolog-y of our 
timber-trees, just inaugurated, a new and important line of work has 
been -begun, which, if continued in the same^ spirit as undertaken, 
may eventually form the basis of future American forestry; tea<3hing 
us the life-history of our important forest trees and the conditions 
upon which their development in the forest depends; deducing from_ 
observations made from practical rather than botanical points of 
view rules of management directly applicable to the forester, a work 
which has not heretofore been systematically attempted. This most 
necessary work will naturally require a series of years of patient 
labor and observation bef ore the results can be generalized uj^on aiid 
practically applied. It can only be expected to progress satisfacto- 
rily if liberal provision is made for those engaged in it, who should 
be persons of special fitness, with ample means to supply needed 
elementary knowledge. 

With its present appropriation the Division cannot, in my opinion, 
satisfactorily undertake extended forest statistical inquiries, and 
should, therefore, confine itself mainly to the work of establishing the 
methods upon which forest planting and forest management can be 
carried on in our country with our native timber trees. 

The distribution of seedlings, the only satisfactory manner of sup- 
plying plant material, would be of great benefit to the Western tree 
planters especially, and would enlarge the area of forest planting; 
but without facilities to grow the supply, without the means of satis- 
fying the demand of every applicant, and in the absence of a discrim- 
inating system of distribution, this mode of encouraging forestry has 
not yet borne the results which might be expected from it. 

As will appear from the wording of the Act, instituting its work in 
the year 1876, the Forestry Division was originally intended to fur- 
nish data upon which a true conception might be formed of the con- 
dition and importance of our forests and forest supplies, and by pre- 
senting the methods of management pursued in other countries to aid 
the legislator in formulating a forest policy for this country. 

This work, mainly of statistical or historical character, so far as 
general information goes may be deemed concluded, and although 

(149) 
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tlie forest statistics relating to our own coTmtry, even as supplemented 
by the exoellent work of the Tenth Census in Toltinie IX, cannot he 
said to rex^resent more than approximatioiiSj owing to: the insufficiency 
of innds annually allowed for the difficnlt and elaborate task of sncli 
statistical collection; yet the information embodied in the f onr vol^ 
umes of forestry reports issued from this Department, in addition 
to the aimual reports and other similar forestry publications, official 
and unofficial, nnist be considered sufficiently extensive to fairly show 
the deplorable condition of our forestry, the importance and need of 
a systematic forest policy, its bearings upon national economy, and 
its requirements at the hands of legislators as well as of wood con-: 
sumers. : : ^ \ 

That a more general and practical application of this preliminary 
knowledge cannot yet be recorded, rnay be due to the difflculty of 
extracting from the mass of matted kccamulated in these reports the 
iniportan t facts upon the consideration of which action must proceed. 
It may be desirable^ therefore, at the end of the first decade of for- 
estry investigations, to summarize brieliy the results, and to present 
a concise picture of our present forest and forestry conditions. _ 

gIGNIEICANCE OF FORESTS. ■ - 

. It is a generally recognized fact that forests have always been im- 
portant f actors in the national liio, the civilization and the progressive 
^development of the hum.an race, : " ■ : : : : /; " \ ■ V 

Their inliuence is of duplex cliaractor — direct and indirect 

As sotirees of a raw material which enters into almost every branch 
of human industry and manufacture, substitutes for which are not 
easily found, their direct importauee and the need of their perpetu- 
ation is obvioris. In this respect the forests of the whole world might 
be considered tributary to our markets; but not only would the im- 
portation of a bulky material from distantr parts be exceedingly ex- 
pensive and almost impraeticable for the enormous quantities re- 
quired by us, but other nations are awake to the danger of diminished 
forest products a,nd are restricting their wood exports. 

The question of a hom.e supply of raw material is nowhere mora 
iinportant than in the matter of forest products. 

While for more than a century alarmists have prophesied a dearth 
of timber, and by their clamor have induced more cp^reful husbanding 
of forest resources in Europe, apparently their prophecies have not 
been fulfilled. But there can bo no doubt that the conditions f a,vor- 
able for a fulfillment of such predicted danger are growing witll the 
increase of the world's population and with the gresbter requiremeiits 
of an advancing civilization. While., in many cases wood is success- 
fully supplanted by other _ materials, yet the substitutes do not seem 
to come in proportion to the increased demand and decreased supply. 
There can be no doubt that wood is a coOTen^^e^ce which pught to be 
preserved in sufficient quantity for the use of the human race. 

The tendency of nature to clothe waste places with wood growth 
has been claimed as sufficient to restore the ravages made upon the 
timber resources by man. At one time no doubt the unaided produc- 
tions of nature were sufficient to provide man with food without much 
trouble, making the us© of plows and tertilizers unnecessary. But 
the present era, it seems, cannot find methods intensive enough to feed 
its multitudes. Nobody would deny the need of agriculture. In the 
same manner, with the increasing need of agricultural lands, the 
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relegation of the f orest to the poorer soils and the decrease of its area 
will necessitate intensity in methods of its production and a carefnl 
management— a system of forestry. 

■MECHANICAL INFLUENCE. . • 

The mechaniGar influence of the forests on monntain slopes and 
crests, as regnlators of the water supply in springs and brooks which 
feed the rivers of the plain^ and in counteracting the destructive ten- 
dency of these waterSj is abundantly proved and well understood,* 

The amount of rain which reaches the soil is naturally smaller in 
the forest than on the open field; but in the forest the moss and leaf- 
m.old act as a sponge, absorbing all the rain or snow which reaches 
them, and only grad-^ally giving up the same to the soil, while the 
open field, and still more the denuded hillside, allow the water to 
flowoff ^rapidly, retaining but little and evaporating a large amount. 

The forest is the great reservoir of a,gricultural lands, giving up 
gradually throughout the season, when they are most needed by agri- 
culture, its stores of the waters falling over its area. Eain and snow 
to a large extent penetrate the forost soil down to the impenetrable 



^ Owiiig to the short time since methodical observations have been inaugurated 
(mainly in Germany), and the complicated natm*e of the investigation, the numerical 
data relating to forest influences are still exceedingly incomplete. _ 

The most notable fig-ures, so far more or less definitely established as general aver- 
ages, are given as folio ws: 

The temperature of the soil in the forest (always meaning a well-stocked dense 
growth) is lower than that of the open field; in spring, by 28 per cent.; in summer, 
by 24 per cent.; in autumn, by 16 per cent/; in winter, by 10 per cent.; in the aver- 
age during the year, 21 per cent. ' 

The temperature of forest air (interior) is lower than that of the fields, the differ- 
ence being greater in proportion to elevation, and less in the region of the crown 
thf?,n nearer the ground. The difference in absolute temperature degrees is greatest in 
spring and sunmier, from 15 to 20 per cent.; in fall and winter the difference is small, 
the temperature in the forest being somewhat cooler during the day, but warmer 
during the night. On an average a reduction in temperature of 10 per cent, from 
that of the open field prevails during the year. 

In the case of Kansas, for instance, this would mean a reduction in summer tem- 
perature Of 10 to 15 degrees in a supposed forest, with all the consequences of reduced 
evaporation, cooler winds, and increased precipitation. The thermometrical range 
is from 5 to 20 legreea less in the forest than in the open, the greatest difference oc- 
curring in the hot months. 

The relative humidity of the forest air has been found to be from 3 to 10 per cent., 
and -in pine forests in summer as high as 18 per cent, greater than in the open. Ob- 
servations in I'rance place the difference at 1 to 8 per cent, in favor of deciduous, T 
to 13 per cent, in favor of pine forest, the gxeatest difference occurring in the sum- 
roer montlis. 

:, Evaporation in the field is greater by 57 per cent, in spring, 64 per cent, in sum- 
mer and winter, and 66 per cent, in autumn. 

Transpiration through the leaves during five m^onths of vegetation, for a field with 
vegetable cover, has been estimated at 500,000 to 1,500,000 pounds of water per acre. 
Forest vegetation requires several times (probably three times) this amount. 

Amount of precipitation over forest was found to be from i to 1^- inches (1.4 per 
cent.) greater in deciduous, and from If to 2| inches (8 per cent.) in evergreen forest. 
(These figures are probably too low.) 

The amount of precipitation reaching the soil is dependent on the greater or less 
force of the rain, fine rain of ten being entirely intercepted by the crowns, while 80 
to 90 per cent, of very heavy rain may reach the gTound. When falling at the rate 
of :i inch in 24 hours, spruce forest intercepted 78 per cent. , beech 27 per cent. ; when 
at the rate of ;j inch in 24 hours, spruce mtercepted 95 per cent. , beech 62 per cent. 
Yet observations in France through 11 years in a 40 to 57 year old beech forest show 
that only from 8.5 to 17 per cent, of the precipitation was intercepted. Last year's 
observation at the Prussian stations show the precipitation decreased under forest 
cover by 28 per cent. 
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stibsoil, wliere tlie water aGCTimulates and reappears elsewhere as 
springs; tlie less inclined the surf ace the more water penetrates, as- 
sisted by the deep and far-reaching ramiticatians- of the roots and the 
permanent vegetable cover. While this beneficial action is especially 
noticeable in the mountainous regions, the forest of the plains also 
acts as a water reservoir ; which will appear from the observed fact 
that in deforested localities the ground- water level, has sunk and 
aridity is increasing. 

Under the forest cover of the mountains the melting of snowsis re- 
tarded, and thus the flow of streams is more gradual and continued 
evenly through a longer period. While the large floods are proba- 
bly to a great extent due to cosmic causes, their aggravation through 
deforestation at the headwaters of streams cannot be denied; and that 
local floods, especially the ravages of mountain streams, can be obvi- 
ated by proper forestry has^ been pi*oved practically, in France and 
the Tyrol within the last thirty or forty years. 

The mechanical action of forest belts in breaking the force of winds, 
alleviating the effects of hot and cold blasts upon crops, and in ame- 
liorating the severity of the climate of a neighboring district is well 
known to every prairie settler. 

CLIMATIC INFLUENCE. ' 

The influence claimed for forest areas upon the local climate of a 
neighboring region must be considered as mainly due to a difference 
of insolation and conseciuent difference of temperature and evapora- 
tion over the forest and the open :fleld. This influence, therefore, is 
appreciable only when sufficiently large and dense forest areas alter- 
nate with open grounds. 

In consequence of the difference between the temperature of the 
forest and that of the surrounding region, local currents of air are 
established, so that the forest acts like a large' sheet of water as a 
starting-point for diverging local winds. , 

The cooler and generally moister air over the forest promotes the 
condensation of the lower layer of clouds and the condensible strata 
of air, so that, while the forest may not j)ositively eaw.<?e rain to fall; 
yet it does not at least prevent it, as the heated bare ground or field 
often does. 

The climatic influence of the forest upon its neighborhood may be 
said to consist in the communication of its own climatic charaeteris 
tics, e., shorter range of thermometrical extremes, and more perma- 
nent moisture in its atmosphere. These characteristics are more pro- 
nounced in summer than in winter; their degree is proportionate to 
the extent and density of the forest, and their communication to the 
surroundings is graduated by the distance from the forest. The for- 
est, in short, is a regulator of climatic, as it is of hydrologic extremes. 

Our present knowledge of forest influences, based on experiment, 
observations, and logical inferences, allows us to summarize the fol- 
lowing facts: ' 

A. — Effects of deforestation on the climate. 

(a) On the ctimate of fhe de forested area. 

fl) Extremes of temperature of air as well as of soil are aggravated. 

(2) The average moisture of the air is lowered. 

(3) Whether the moisture of the soil after cleforestation will be 
greater or less depends on the nature of the soil. 
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(4) The total atmospheric precipitation is not necessarily dim^ 
unless clearing has been made over very extensive regions, but the 
distribution throughout the year will be disturbed; the amount, how- 
ever/ which reaches the soil is largely increased. 

(6) On the climate of the surrounding country. 

(1) The areas that were situated near the forest lose their protec- 
tion against drying and cold winds. 

(2) The force of the winds is unbroken; a change more detrimental 
where the confi^ration of the ground does not fulfill a similar func- 
tion, in large plains more than in hilly and mountainous regions, and 
at the sea coast more than in the interior. 

(3) The unfavorable consequences of deforestation are more marked 
the more the climate of a locality has a continental character, and the 
less marked the more it approaches the character of a coast-climate.* 

B. — Effects of defoeestation on water supply. 

(1) After deforestation the soil is deprived of very much less water 
by the process of vegetation than before. 

(2) w here a superiiuity of moisture used to be removed by this proc- 
ess, deforestation often induces a formation of marshes, and, in con- 
se(iuence, unfavorable sanitary infiuences on the surroundings are 
possible. 

(3) In consequence of deforestation, evaporation from the soil is 
augmented and accelerated, resulting in an unfavorable influence on 
soil humidity and on the size and continuity of springs. 

(4) With the disappearance of the forest the retarding influence of 
soil cover and of trunks on the superficial flow of water ceases. 

(5) This circumstance, in conjunction with the augmented evapo- 
ration from the superficial springs and rivulets and from the soil, 
causes the unfavorable influence of deforestation on the flow of brooks 
and rivers. 



* From this it will at once appear how futile must be the attempts to name a cer- 
tain percentage of forest cover as necessary for a country to preserve favorable 
clijnatic and liyclrologic conditions, and another percentage for the requirements of 
raw material. As the latter must depend upon the number of inhabitants, the pro- 
ductiveness of the forest, and several other variable factors, so does the f ormer de- 

{)end on condition s the bearing of each of which we have not yet been able to calcu- 
ate ; it must certainly vary according to geograi^liical location and configiiration of 
soil. England, with its moist and cloudy climate, in a temperate zone, can well 
dispense with a large per centage of forest cover — ^it has only 3.28 per cent. — while 
poor thirsty Spain suffers from drought with 16.30 per cent, of forest, and Austria, 
on account of the configm'ation and character of her territory and the great number 
of water-sheds, feels the need of more than 30 per cent, of forest cover. For a coun- 
try like the United States it is impossible to pronounce upon a required forest area 
for climatic reasons, as its parts must so widely differ in this, that no meaning could 
be attached to any percentage expressed for the total. (See table on page 185.) JVom 
the table on page 169, on which the percentage of forest cover u\ difi'erent sections is 
noted, it wiU appear that, if the forest areas exist as reported, it can hardly be said 
that the percentage of forest is dangerously out of proportion on the Atlantic coast, 
the Gulf States, or even the Central and the lake-surroimduig Northern lumbering 
States; on the other hand, the Western agricultural, prairie, and mountain regionn 
appear decidedly deficient. While, therefore, local hardships, due to injudicious 
oiearing of hUlsides, may be brought about in the nrst-mentioned sections, the 
climatic aspect of the forestry problem concerns most nearly and immediately the 
central and western half of the country, where a continental climate and the inter- 
ference of high mountain ranges with moistm-e-laden winds, call most strongly for 
the modifying influence of the forest. 
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(6) How muck and to wliat extent the forest cover dontrilmtes to 
regulate tlie amQunt of jjrecipitation oTer a given area or the flow of 
water tlirougli a given period of time^ so as tb.prevtot or ameliorate 
iioods and drougiits^ in opposition to disturbing causes, cosmie or pro- 
duced by liuman agency, caiinot yet be stated, tHough tbe existence 
of sucli influence is sufficiently proved. : 

OF DEF CONDITION OF THE SOIL. 

(1) In tlie mountains deforestation causes torrents, carrying debris 
into tbe valleys- land-slides, snow-slides, and: avalancnes are induced 
more or less, according to the profile and nature of tlie rocks. 

(2) Gn liglit sandy soil, especially near the coast, where winds are 
strongest, the shifting of sands and formation of dunes is facilitated. 

The importance of considering these inSu&ces is greatest for the: 
western half of the United States, especially for the exposed prairie 
regions and the arid and semi-arid districts, v/hich depend largely for 
their agricultural development on the water supgly from the adjacent 
mountains, and also in Southern Galif oTnia and in the Rocky Mount- 
ain States and Territories. ' : : ■ ■ ■ V; ; 

Common interest and the simplest prudence demand the preserva- 
tion of these mountain forests iii perpetuity under most conservative 
management. . . 

Less urgent^ but not to be underestimated, is the weight of these 
considerations for the eastern half of the country, notably the coast 
lines and the Alleghany Moiintain ranges. : 

CONDITION OF FOREST SUPPLIES ^^OT FOEESTEY IN THE UNITED 

ST " : ■ . 

The forest area of the whole XJhited States, excepting Alaska^ at 
the present time has been reported by the Forestry Division as less 
than. 500,000,000: actes (489,2^^ . ; VI : /: : h ■': 

:- There is reason to believe that much of this area is waste brush- 
l^iUd, and that even the timber f orest often hardly deseiwes the 
; being only thinly stocked with trees. . . - 

Leaving out of consideration the forests of the Pacific slope, esti- 
' mated at 60,000,000 acres, and said, though little known, to cut large 
amounts per acre, the balance of forest land in the United States, it 
is believed, cannot long meet the enormous demands on its resources. 

No reliable statistics exist f rom which the stock on hand could be 
even approximately computed for the whole estentj but we do know 
tolerably well the quantity of lumber and wood ahnually used or re- 
quired by our present population. In iwnd numbers this amounts to^ 
something like 20,000,000,000 eu-bic feet, made up of the following 



items: . ' . ' . 

Ltimber market and manufactures. ...... . . . . . . 2, 500^ 000, 000 

Railroad consti-uction. ... ......... . . . . ....... . . . . . . .... . . . . . . .... f 800^ 000, 000 

ChafcoaL . .... , . . . . . ...... . . . . . . ........ . . ...... ...... .... .... f SoO, 000, OOC 

Fences... ,. . . . . . 1 500, 000, 000 

Fuel.,.*..... §17,500,000,000 



*Cbmputed from figures of the Bureau of Statistics. 

f Latest estimates of tlie Forestry DiyiBion. " 

t Gomputed on the basis of a careful investigation by the Department itt-lS'Tlr 

§ Computed on the basis of census statistics of 1880. - - 
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Tliere»is also to be added an item requiring yearly a considerable 
amount of wood for a use to wb.icli no other ciYilized nation ]3uts its 
forests. I refer to the 10^000,000 acres or so of woodland burnt orer 
every year, intentionally and unintentionallyj by which a large 
amount of - timber is killed or made useless- and, what is worse, not 
only is the young growth destroyed by these fires, but the capacity of 
the soil for .tree-growth is diminished, as the^^ destroy the beneficial 
physical qualities of the leaf -mold; and if occurring on recent clear- 
ings, inferior kinds of timber, capable of thriving under the altered 
conditions^ occupy the ground and diminish the value of the area. 

The present reckless method of turpentine-orcharding also deteri- 
orates large quantities of timber unnecessarily. 

The wasteful methods which are employed in lumbering, especially 
by the tie-cutter,"^ often avoidable without financial loss to the lum- 
berer, hasten the reduction of visible supplies. 

What amount of forest products will be required by the country by 
the next centennial it is idle to attempt to compute; that it must in- 
crease with the growing population and development is self-evident, 
and that, too/ in spite of substitutes for wood in many branches of 
industry.f 

APvEA ENQUIRED. 

^ So far we have lived upon our forest resources without consider 
ing whether we were using up the interest or the capital. 

Assuming that we shall lieed a continuous supply of only the 
20,000,000,000 cubic feet computed above, it would be of interest to 
asK what area in forest will be required to furnish the amount contin- 
uously. 

With our X3resent knowledge there is no possibility of calculating 
the average yearly growth that can be expec^ted upon the entire pres- 
ent forest area of the United States. While I am inclined to think 
that the capacities of the soil, climate, and indigenous species of our 
country: are greater than those of Europe, yet in their present con- 
dition our forests do not compare favorably in regard to annual yield 
with the well"Cared-f or and well-stocked continental forest areas. 

The average yearly accretion per acre in German forests has been 
computed at 50 cubic feet, or on every 100 cubic feet of standing tim- 
ber 2.8 cubic feet of new wood yearly. Applying these figures to our 
present requirements, and assuming as close a use of material as is 
the European practice, it would appear that an area of not less than 
400,000,000 acres must be kept in well-stocked forest to give us a con- 
tinual supply for our present needs. 

We are nearing therefore, (if we have not yet reached), the time 
when increased drain means a squandering of capital, and a time when 
regard to the husbanding and the careful managem^ent of our forests is 
required for the purpose merely of furnishing raw material. This fact 
will appear still more clearly if we inquire into the supply of certain 



*'^' It is campTited that iii the California redwood forests to produce a railroad-tie 
worth 35 Gents timber to the -^alue of $1. 87 is wasted. 

f It is Bigniflcant to note that other nations are a%vare of our deplorable condition 
in regard to future forest supplies. The G-oTernment of Bavaria last year sent an 
expert forester to study the timbers of the United States, who explained the pur- 
pose of liis mission In these words: " In fifty years you will have to import your 
timber, and m you will probably have a preference for American kinds, we shall 
now begin to grow them/ in otdm to b© ready to send them to yoa at the proper 
time." 
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kinds of timber. Numerous expressions in regard to the growing 
scarcity of desirable bard-wood supplies for manufacturers will be 
found in tbe report of tbis Department on the exbibit of wood manu- 
factures at the Mew Orleans Exposition. No better indication of the 
state of forest supplies can be given than the trade reports in lumber 
papers. 

As the accuracy of the statistics and estimates in ^Government 
reports has been questioned and their value doubted, it luay be of 
interest to publish the following extracts from a letter recently re- 
■ ceived from :Mr. G. W. Hotchkiss^ for many^ years^ Secretary df the 
Lumbermen's Exchange at Chicago, recognized as an authority in 
lumber statistics. " ; 

He says: ■ 

So far Sis WMte Tine (Pinus strohiis) is concerned, it occupies to-day a position in 
forestry analogous to tlie Indian in the body politic, practically a thing of the past;^ 
Of course there are sections which will lastfor many years (not so very many either), 
butj.the gxeat bulk is gone, and, like the straggling tribes, but a remnant -of forrner 
strength and power remains, and but a few decades more and they will be known 
only in history as . a thing of the past. One hundred years ago Maine, Vermont, 
Kew Hampshire, New York, and Pennsylvania could boast vast forests of White 
Finer West of the lakes, Michigan, "Wisconsin, and l^Unnesota, so late as fifty years 
ago, were unbroken in forest resources, and the White Pine predominated. To-day 
Maine gives us some spruce and a little small sapling pine, such as would hardly 
have been sent for firewood in her palmy days of lumbering. Vermont, New Hamp^ 
shirey and New York may still boast an occasipnM clunip of trees, but have lost all 
pretensions as lumber-producing regions. Pennsyivania has a few hundred million 
feet on the sides of the Alleghanies, but has dropped out of the list as a lumber pro- 
ducer. East of the great lakes nought remains (excepting tlie spruce forests of 
Northern and Eastern Maine) sa,ve hemlock and hard wood, and these in very lim- . 
ited quantities, insufficient to supply the home demand in a majority of localities. 
Michigan, Wisconsin, and Minnesota are the last remaining resorts for lumbermen 
: east of the Eocky Mountains. Originally tiiere was probably 150,000,000,000 feet 
M. in Michigan, but fifty years' work has reduced the supply to probably not over 
twelve to twenty billion feet, with an annual average cut for the past five years of 
not far from fdnr and a half billions; arid th^ cutting is so close as to exterminate 
all the pine timber on the tract operated Upon. Wisconsin can hardly be estimated* 
at over thirty to thirty-five billion, little more than would suffice to supply the con- 
sumption of the United States as a whole for one year. Minnesota, set down in the 
census of 1880 as having- 11 ,000,000,000 feet B. M., an amount disputed by some as 
too high, by others as too low, if allowed to-day at 10,000,000,000, could furnisli but 
one year's supply for the mills of the Northwestern pine-producing States. In fact, 
if the mills of these tmee States were run to their capacity for six years there 
would be but little pine left for the seventh year's production. And these estimates 
of timber include the red or Norway x>ine, which forms a noticeable percentage of 
tbe whole. In Michigan and Wisconsin there are still large quantities of hard wood, 
but it is not being cared for with that appreciation of its value which is desirable. 
It has, however, this advantage, it can be reproduced. Pin.e cannot,* The future 
timber supply of the East must be largely from the hard woods. The vast forests 
of the Pacific slope \vill supplement this with such soft lumber as may be needed. 
Before many years the forests of Alaski will swarm \^ith- enterprising timber seek- 
ers. Ali-eady' those of California, Oregon, and Washington Territory have been the 
subject of research, and vast amounts of Eastern capital are already invested there. 
British eolumbia, west of the mountains, will supplement the supply, but our 
children will bring their pine and fir from Alaska. Meantime the supply east of the 
Rockies once denuded will be known no more, except througii wise Government 
action in protecting and encouraging timber culture. Our present laws in this re- 
spect, so far as they relate to taking up land, ^are/ a farce, falling httle short of 
tragedy, as the Governnienfc parts with the land without accomplishing the purpose 
of the grant in one case in a hundred, until it has lost control of all sufficient areas, 
which might be made a blessing to our successors in life's race. 
I have not for some years given the subject of Soutton production so much 

* This can mean only reproduction from the stock. Reproduction of White Pine 
from seed is as easily effected as that of any other conifer, but of course requires 
gpeoial management, as will be outlined further on in tM 
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tliought, so far as statistics are concerned, and can speak only generally. There has 
been a great impetus to trade in the South during the past five years. You will be 
safe in computing the consumption of all kinds of wood at 500 feet per capita of the 
population, and at 8,000 feet per acre, it would take about 4,000,000 acres per year 
for its supply. In Southern timber both the Long-leaved and Loblolly Pine grow 
and can be reproduced in their native soil, so that the statement above that pine 
does not reproduce itself" applies only to the White Pino of the North. I know of 
no good reason why Government endeavors to foster and perpetuate large areas in 
the South would not be eminently successful. But it should not be delayed, as the 
wastefulness which has brought the White Pine resources of the North so near to 
their extinction is rapidly doing the same for the Long-leaved and TjobloUy of the 
South. It is to me a soui^e of surprise that some of the lumbermen of the country, 
men who are or have been for scores of years tramping through the forests, are but 
now awakening to a perception of the true condition of our forests. That they have 
opened their eyes to the truth is made evident to those who, like myself, are in posi- 
tion to know of the search which is being made for desirable bodies of timber, by 
men who six years ago set down the Government estimates and statements as veries^t 
bosh, and loudly asserted that no diminution in present annual supplies would be 
seen for a generation to come. 



BUILDING MATERIAL. 

A most iinbiisiness-like manner of calculating has been practised in 
order to ascertain how long the Pine timber supply maybe expected 
to last in the several States at the present rate of cutting, as if each 
State were surrounded by a Chinese wall or a prohibitory export 
tariff. Evidently we can come to practical conclusions only by cal- 
culating for the country as a whole, and by keeping in view the 
aggregate supplies of at least the White Pine, Sp;*uce, Hemlock,, and 
Southern Pine areas and the demand upon them; as practically they 
are used interchangeably and in the future will be still more so to fill 
our immense requirements for building material, other soft woods like 
.Whitewood, &c. , supplying only a small addition. 

Taking the estimates of the census of 1880 as a basis, and, to avoid 
any danger of an underestimate, adding one-third to the amount 
of the above-named timbers reported as standing, we find that in 
round numbers 600,000,000,000 feet B. M. might be considered then 
standing to supply a yearly demand of not less than 12,000,000,000 
feet, making the exhaustion of Eastern-grown building timber sup- 
plies appear reasonably certain within the next fifty years. 

That the additional supplies of Redwood and other Pacific coast 
timbers will hardly compensate for timber destroyed by fire, as well 
as for the drafts on Northern Hemlock for tan-bark and on Southern 
Pine for turpentine orcharding, and for the additional requirements 
of the growing population, may also be confidently asserted. 

However much these calculations may differ from the actual state 
of affairs, they are sufficiently near to call for more than a passing 
consideration on the part of those who have any interest in the future 
welfare of the country. 

The second growth of White Pine, pointed out as coming to use 
in the New England States, is cut mostly when only fit for box- 
boards, and will not figure^ much in the great market for building 
materials. It may be mentioned here that, according to experiments 
made in Germany on Scotch and White Pine, the requisite quality 
for building purposes which the Scotch Pine attains in seventy years 
is hardly attained in ninety years by the White Pine, while, accord- 
ing to Dr. Mohr, the Long-leafed Pine requires two hundred years' 
growth to furnish timber of good quality. The new spontaneous 
growth of this class of matoi'ial, left to Nature's kind but slow methods 
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of proTidmg for it, is infiiiiteimal wto compQiTed with, tlie needed 

^^SiaM^wood forests, tliougii in soma lociaities dimiBisliad ^eyoiid 
desirable proportions, owing to tiiair iiataral reprodtictiye power are 
in less dagger o£ es:tinction, or even of deterioratioii, ton th# more 
usefiil, mora necessary, and at tia same time less earnlr r^rodTieed 
piiiB f oreste. Yet eveu in regard to tiiese, complaniLS of the deticiency 
of suitable supplies for manufactures are pteutif ul. ^ ^ _ 

Th-e^normoug yieldof tbe forests on the Faoilio slope, tnougli prob- 
ably overstated for average amounts, -will per^ 
manv decades; but attacked under tha same wnditioM asp.e once 
*4nexbauBtibl6" timber areas of the Northwest, and under tlie g^e 
methods of treatment, we cannot expect better results than we have 
witnessed in connection with these Northwestern forests. ^ 

Of the Eocky Mountain forest area as a whole not muoh can bo ex- 
pected in regard to lumber supply, except for local purposes. But the 
Existence of these forests on the mountain-sides serves a nmch more 
important purpose in holding snow and water for the use of the agri- 
cultural lands below during the dry geasous to which they are liable, 
and in preventing or lessening torrential action. . A large part ot the 
forests x)f Southern Californm and of other mountainous legions 
belong to the same category (importmit chiefly on acoount or their 
position), and should be managedaiid ntili^ed with a view to the beat 
Interests of tha lower agricult^ ; . 

^ IMPOETS A¥P E%POBm ■ 

The tollowing tables are coiwifed mostly from the reports of the 
Bureau of Statistics of the Treasury Department. An maelinue 
^inonnti of wood in manufactured ai-tM wouid in- 

crease thcBe amoiints, . / p .-V \ £ 4- n 4-1 1 n 

The imports of forest products from Canada form naturaUy the hulk 
of oiir importation, amouuting to |&,35aJ3afor th© year ending June 
30, 1885, equal, perhapB, to rerandi^fi, 000,000 wbk 
entire cut of liiiedProvinee of Ontario, amounting in value to $7,371,038 
for the year 1884, comes to the Unit@dStatea. This shows ttiatthBdnty 
of 12 a tlvauBand feet does not prevent compatition, and also that from 
its abontion little hope is to be drawn foi^ the preservation of our re^ 
: sources. In Caiiadalhera can be little doubt that all the possibilities 
: of iro ' ' !''t ^ n .111) i--vu iicnv strained to the utmost.^' The exportation 
01 ien'.'u. i,rnunel \ from Oanaria used to go entirely to Great Britain 
and the West Indies; but since the pine lands of the N^orthwestern 
States have hecome gradually deiletdd, Canadians have successfully 
com])r-K.l witli the mml)ern}ea of Muli i.'^'an ajid Wisconsin, till to-day 
their CTOorts to Great Britain and the United Stateg are almost equal 
in amount. The expressions of the Hon, H, Q. Joly, member of the 
Donunton Council of Agriculture, show that the visible supplies of 
white pine in Canada are almost in the same deplorable condition as 
those in the Unitad States, and that the prospect of supplying our 
needs by importations from Canada is altogether not very encoura^- 
- dug. . : - ^ ' ^ \ : ■; . v v / ^ ; ^ : " - / - > ' . ■ \ \_ 

* For the year eBclmg June BO, 18865 the trade and navigation retm-ns of the Do- 
' million eliow the total exportation of forest: products from Canada to the United 
Bt ^^ p^noTiutin"; to 40 ^mvc cent, of tho total inmbor export, On- 

tario exporting to this coimtry to the mhie of i6,B0O,§0Q; Qmebec, |l,300,oaO; Nova 
Scotia, p70,00Q; New Brunswick, |438,^^^^ 



Imports for consnmpiion, of wood arid ipood products y 



1883 to 1886. 



Articles. 



1883-^84.; 



Quantities. Cubic feet 



Value. 



1884-'85. 



Quantities. Cubic feet. Value. 



1885-^86. 



Quantities. Cubic feet, 



Value. 



' Free of dtdy. ^ ■ 

Wood, unmanufactured, not elsewhere specifiecl: 

Fire Avood ...... cords . . 

Logs and round timber ; 

Kaib-oad-ties number , . 

Shingle and stave-bolts , . 

Ship-timber .... 

Ship-planking : - 

Hop-poles . '. . . . .... : 

Wood-pulp — 

Charcoal ^ — tons . . 

■Cabinet woods: 

Box....... ....... 

Granadilia .... . , 

LanceT\"^ood — — . , . 

Lignum-vitse : : 

Mahogany 

Sandal . 

Satin . . . - . . . 

All other eabmet woo.<fe 

Cork wooi or 'ha^rk, -iiiinKiairLiractmTed 

Heniloek bark .... cords . . 

Total, ttee of daty 

Dutiable. 

Wood, unmanufactured, hot elsewhere specif) od 

Timber. 



169,209 



1,933,674 



16, 249, 824 
5, G17. oOHJ 
6,7G4;359 
2,4S3,4?20 
J 1)0,, 010 



7,0So 



$37'3,911 
449,88,3 
3^:2,719 
.243,343 
47,rM 
41.943 
40,399 
5,941 
5G, 765 

83,931 

■ ■;)sj5 

■ ■ 7j.m 

■7v2,71Q 
157,266 
4,009 
5,8S4 
31a, 173 
l)fj5,871 
3G4,4iQ I 



16.3,471 



1,100,086 



15,597,216 
4, 811,800 
3, 850, 301 
1,211,770 
58,(352 
66, 369 
150,200 



5,610 



$338,806 
384,948 
187,168 
121,177 
14,663 
22, 123 
18,780 
9, 637 
47,334 

223,015 
520, 605 
, 26,311 
432. 
1,117 

593,771 
' 52, 306 
654 
5, 9S4 
296,491 
879,243 
2&8, 979 



176,150 



2,0-75, 910 



4,542 



16, 910,400 
5, <'48, 000 
7,265,301 
1,343,570 
156, 076 
56,571 
100,000 



50,314 



Lumber: 

Boards, planks, deals, &c.' M feet . 

Clapboards. ' M. 

Hubs, posta, lasts, and rough blocks. — 

Laths -M 

Pickets and palings M . 

Shingles. . . . . . .M. 

Shocks 

Staves — 



530,712 
1,512 



186,421 
4,69S 
86. 163 



1,7;:3, 948 



674, 700 
71,812 

44,547,095 
250, 992 



3,728, 480 
375,920 

1,196.708 
336; 264 



71,20S 



80, 061 
8, 512 

6,1)87,694 
28, 7"8G 
00, 690 

257', 529 
,57,596 

215,454 
84,066 

230,150 



25,746,308 



3,971,242 



502, 250 
3,996 



334, 700 
73, 290 



•41, 686, 7*50 
497,330 



154, 813 
4,699 
69,754 



3,696,260 
;375,.920 
908,806 
280, 060 

1.014,812 



38, 960 
11,712 

6,189,781 
41, B27 
59,039 

199, 819 
51,027' 

158,043 
70,015 

253.703 



479,207 
3,910 

' 153," 57.5" 
5,076 
79,101 



31,579, 918 



215,200 
75,794 

39, 774, 181 
649,060 

'3,' 071 ,"566' 

406,080 
1,098,625 

421, 796 
1,079,844 



m^> 135 

459, 843 
377,44;^ 
134,357 
39, 019 
18,857 
12, 511 
5,897 
36,849 

72,403 
530,184 

69,043 
2,807 

16,910 
':42,:362 
47:9,861 

46,057 
2,598 

12,641 
2r9,.585 
891,392 
236,198 



4,046,853 



25,827 
■ 12,2.31 

5.63-9,813 
59,389 
60, 615 
198,756 
61,318 
171,523 
105,449 
269,961 



Imparts for cori^dmption, of xoood and wood /products, 1883 #o 1886— Continued. 



' . ' ' , Articles. 


; , 1883-^84. ■ ■■ 


■ ' .■,1884-^35. ■■■■ 


18S5-m 


Queintities. 


Cubic feet. 


Value. 


Quantities. 


Cubic feet. 




Quantities, 


Cubic feet.! Value. , 


Butiahle—ConthmOid. 

Blanufactiires: 

Casks and barrels ......... 

Caltiiiet-ware and furniture , 

Osiers and Avillows, peeled and dried ... . . . . . i ■ 

Osier and willow baskets, &o. 

All other manufactures 

Bark extracts, chiefly bemlock, for tanning, pounds. . 

Sumac . do. . .. 

Cork and cork bark, manufactured, 

Walking-sticks - 

Matches . . . . . . ... ........ i ......................... ■ • ■ ■ 

Total, dutiable 

Total, free and dutiable — ......... — ^ . . 1 . 


"'i, "968,146* 


> 1, oyj, Oitfi 

1 . 
J , 


- 


f |1,S96 
205, 064 

51,691 
237,834 
607-007 

31,G86 
668.440 
158,419 

14, 550 
34^;',055 


904,956 
14,950,944 




-1,411,843 


r %i,m 

2t>8,700 
\ 28,665 

L 557,3i)5 
19,GoG 
504,289 
147, 132 
11.623 
106,395 


' ■ ' 463,' 536' 
18, 25$, 771 


;1,378,499 


f S1,S24 
308,088 

\ 15,164 
233, 380 

i 462,809 
9,273 
564,673 
176,678 
' ' 0,079 
34,187 






"""'i6,'9i6" 


"""6,'i72" 




53,955,930 


10,456,090 




49, 748, MS 


8,921,452 !........,... 


4S, 176,751 


;,"8,424.4S;6 




85,709,864 


15,4^,293 




75,495,256 


12,892,694 




1^, 756, 669 


^ 13,471,373 



Exports of wood and wood iwoducts 



from the United States front June 30, 1883, to June 30, 1886. 



Articles. 



Fire- wood ..cords. 

^ Boards, deals, and planks M feet . 

Joists and scautling do. . . 

{> Hopps and Loop-poles number . 

O Laths... M. 

PaliMpi, pickets, and bed-slats M . 

Sbiijgijs M. 

box M. 



6tbe.r : number. 

o A. headings do . . . 

lumber 

Timbefl^^vved M feet. 

Timber, hewed cubic feet . 

Logs and other timber 



Total unmanufactured 

Manufactures of— 

Doors, Sfctsh, and bUnds 

Moldings, trimmings, &c 

Hogsheads and barrels, empty 

Household furniture 

Wooden- ware 

All other manufactures 



Total manufactures 

Naval stores: 

Rosin — barrels. 

Tar do... 

Tui7)entine and pitch do. . . 

Spirits of turpentine gallons . 



Total naval stores . 



Bark and tanning extracts 

Sumac pounds. 

Matches . 



plements . 



Agricrdtural im}}. 
Sewing-machines . 
Musical instruments number . 

Miscellaneous values 

Aggregate quantities and values 



1883-^84. 



Quantity. Cubic feet. Value. 



29, 



2,646 
414,920 
12, 632 
706, 00() 
9, 180 
1,577 
61,962 



1,275,450 
134,324,000 



201,257 



1,545,211 
43,544 
53,259 
11,300,729 




143,614,205 



-=«-6,954,636 



6,954,6:56 



40,272 



150,609,113 



$9,464 
7,079,701 
195,043 
356.470 
22,295 
15,615 
183, 521 
186, 8.53 
1,526,437 
2, 686, 473 
976, 191 
2,247,328 
1,735,382 
1,704, 635 



18,925,408 



294,943 
173, 661 
320,184 

2,429,831 
406, 264 

1,724,838 



5,3-19,720 



2,909,074 
91,284 
118,842 
3,885,500 



7,00-1,700 



292,851 



106,809 
8,442,767 
3, 552, 814 
1,079,118 



7, 474, 359 



1884-^85. 



Quantity. Cubic feet. Value. 



2,181 
412,424 
13,028 
28,883,000 
9,517 
2,408 
45,867 



1,281,571 
97, 537,000 



153,248 



1,269,304 
37,572 
16, 178 

8,987,226 



209,376 
34,2:31,192 
1,081,324 
4,332,450 
158,617 
174,881 
637,042 
720,426 
4, 396, 395 
29,261,100 
9,841,200 
12, 770, 667 
8,411,066 
21,147,200 



127,372,9:36 



-*6, 214, 644 



6,211,C44 



$6, 
6,570, 
183, 
346, 
20, 
28, 
132, 
205, 
1,465, 
1,950, 
1,182, 
1,609, 
1,289, 
1,691 



16,683,827 



284,016 
131 , 403 
324, 206 

2, 128, 602 
321,464 

1,590,714 



4,780,495 



1885-^86. 



Quantity. Cubic feet. 



2,723 
4a5,608 
10,821 
18,699,000 
17, 825 
2,074 
42,0^2 



1,098,347 
101,505,000 



193, 344 



', 930 



38,754,187 1.27,615,516 



2, 108, 267 
6(i, 449 
29,847 

2, mo, 2S1 



1,131,560 
19,068 
13,297 

8, 217, 678 



4,984,704 I. 



261,408 
36, 155, 464 
898, 143 
2, 804, 850 
295, 895 
150, 64o 
581,996 
601, 498 
3, 295, C41 
30,451,500 
9, 702, 500 
16,112,000 
5, 0:37, 612 
15,732, 100 



122, 173, 052 



6,039,977 



840,218 



09,840 
2,561,602 
2, 898, 608 
941, S44 



6,817,702 |. 



33,266,818 



34,250 
'163,' 388' 



128,401,267 



Value. 



$;8,568 
6,620,911 
151,119 
224,38.5 
48.377 
19; 544 
103, 049 
174,723 
1,198,444 
2,0:30,097 
1,175,099 
2, 05)2, 557 
829, 019 
1,258,575 



10,014,407 



267,005 
104, 9a5 
497,458 

2,121,812 
3:31,235 

1,386,398 



4,708,84:3 



1,96:3,091 
36,208 
32, 9<)9 

2,811,777 



4,844.07o 



283, 086 
13 

82.204 
2, 367, 258 
2,584,717 
871,446 



6,188,724 



3^,756,109 ^ 



♦Estimated. 
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GOVERNMENT TIMBER LAND. 

In 1883 tlie area of timber4and remaining in the hands of tlie Gen- 
eral Government was estimated in ronnd figures at 733000^000 acres, 
(prGbably an underestimate). Tlie greater part of tMs is sitnated in 
tlie monntain regions of tlie West. Neither its condition nor its exact 
extent and location are ascertainable from the records of the General 
Land OMce, no efforts having been pciade note sixMciently the con- 
dition of the public domain when surveys were platted. No attempts 
are made at forestry management/ and in the disposal of land no 
adequate distinction is made with a view to aiding in the development 
and settlement of the country. 

The efforts to prevent depredations; amounting yearly to many 
million dollars, are mostly frustrated for lack of means or organi- 
zation. The laws relating to the protection of the forest domain are 
either inadequate, or ineffective for want of execution. This is often 
made practically impossible by the existence of ^^servitudes" or priv- 
ileges like those which hamper the forest administrations of Europe, 
i. e., rights of certain corporations or persons to cut timbex on the pub- 
lic domain for specified uses, such as railway construction, mining 
operations, charcoal, burmiig, domestic use, &c.. These privileges 
were granted by the Government to stimulate and aid development, 
but their abuse causes continued depredation on this valuable prop- 
erty of the people. 

The General Go vernment should of course protect such public prop- 
erty until disposed of, as well as any private owner would protect has 
: own, and should dispose of it only to subserve the fundamental id^a 
of pur land policy, in the development of the country. 

But from the foregoing exposition it would appear that a broader 
consideration of this property, a more distinct policj^ in regard to it, 
should prevail than the mere consideration of. the best manner of 
parting with it. * ^ 

It may be confidently asserted that— _ : . _ \ 

(1) The remaining public timber domain would not be best dis- 
posed of by sale, nor is it heeded for settlement. ' 

(2) It is principally more valuable for the timber on it than for agri- 
cultural purposes. ^ 

(3) It is likewise more valuable, by its position on ^mountain slopes 
and crests, for other objects than for its material; 

(4) Its retention and administration^ ^nder Government control, is 
demanded by the best interestsof the adjoining territories^ as well as 
of the country at large. j , : 

Though it cannot be expected that, by the withdrawal of such 
lands from sale and their administration Dy the Governnient, much 
will be contributed towards warding off scarcity in the lumber sup- 
ply of the future, the area being insignificant, it would to some extent 
tend toward accelerating a wholesome change in the methods of the 
lumber industry, curtailing the area for speculative enterprises. The 
lands thus reserved would form a nucleus and an example for American 
forestry, making possible the organization and economicarworking of 
a Forestry Department, to which wemust ultimately coihe; The 
necessity of mch Government forestry has been ably discusse^^ 
report to this Division by Mr. E. J, James, professor of economics 
in the University of Pennsylvania, c Bu:b most of the forest area ^re- 
maining in the hands of the Government is ©^greater importance for 
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tlie purpose of preserving intact the liead waters of monntain streams 
and regulating their flow than for the timber on it. 

Inquiry into the experiences of settlers on the eastern slope of the 
Colorado mountain range^ where the supply of water for irrigation 
ditches is a necessity for agricultural pursuits, and where, therefore, 
special attention is paid to water-flow, reyeais the fact, that many 
mountain streams which used to have a constant, more or less even 
flow, have at times given j^lace to dry beds, while at other seasons 
precipitating a torrential mass of water into the plain below. In 
Greeley and its surroundings the deficiency of water in the irrigation 
ditches has become alarmingly serious, and the cattle interest all along 
the mountain ranges begins to experience the inconvenience of dimin- 
ished watering facilities, going hand in hand with the destruction by 
fire and ax of the forest cover on the adjacent mountains. From relia- 
ble sources of information we hear of similar complaints in Southern 
California. 

The safety of water-reservoirs, which by engineers are considered 
the ultimate requirement for the development of the agricultural 
possibilities of these regions, whatever we may think of the joractica- 
bility of such storage systems, will be subserved by securing a more 
gradual and less destructive discharge of atmospheric precipitations 
into the reservoirs^ a result naturally produced by the spongy forest 
cover. Nor should it be overlooked that the water slowly draining 
through moss and vegetable mold carries with it for the use of agri- 
cultural crops no mean amount of fertilizing matter. 

In regard to the relation of forest destruction to water-flow and 
agricultural deterioration we might again cite the often-repeated ex- 
perience of older nations in Asia and Europe; but as the conditions 
in OUT country differ in important particulars from those prevailing 
elsewhere, exception to inferences drawn from that source might rea- 
sonably be taken. 

While—thanks' to our more favorable conditions of configuration 
and our less closely worked soil— we are by no means anywhere near 
such conditions of devastation as those experienced by Southern 
France, Switzerland, and the Tyrol, where, to preserve the agricultu- 
ral lauds below from, devastation by water, many million dollars have 
been expended, and are still expended yearly, for the costly building 
of dams and for difficult reforestation, yet such conditions are merely 
dependent upon time and continued negligence; and we had better de- 
cide now whether the policy of unconcern shall be abandoned, and 
whether by simple protection and preservation of the existing forest 
cover great loss and the expenditure of millions in the future shall be 
saved to the .nation. That such important interests may safely be 
intrusted to the care of the private individual, whose life is short and 
whose concern is for to-day, nobody can reasonably assert. That 
such use of the forest can be secured only if kept in the hands of the 
whole nation (^. e., the General Government or the individual State 
governments) lies in the nature of things, as the State alone will be 
found capable of managing a large property for other purposes than 
to realize its direct money value. The objection of expense raised 
against sucli measures as have been proposed for the preservation and 
protection of Government timber lands is f rivolous in view of the mag- 
nitude of the interests at stake, and the practicability of organizing a 
service to prevent spoliation of these forests and to manage them as 
shelter forests in the intereet of the regions in which they are situated, 
may be made apparent by a sketch of such an organization in detail. 
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PLAN FOR A FOREST BEPARTMENT. 



I; may be allowed to quote liere from a letter recently written by 
me on this subject at tbe request of a special agent of tlie Department 
of the Interior : 

As preliminary to the discussion of what should be the policy of the Gen- 
eral Government, allow me to state a few points of forestry which must be under- 
stood; 

{l)/Not more than what |p.*ows yearly or dm-ing certain periods should be cut in a 
forest which is to be kei)t in perpetuity. 

(2) No clearing, unless followed by immediate planting, is admissible in mountain 
forests; nor is it advisable in the plain. 

(3) The cutting of timber must be done with a view of renewal above all other 
considerations. The method, time, and duration of cutting over a given tract de- 
pend upon the kind of timber and the locality. To be continually successful in 
keeping a desirable forest cover requires more care than tlie simple method of selec- 
tion practised by the lumbermen. 

(4) What the average yearly accretion in the forests of the public domain amounts 
to is still more uncertain than tlieir extent. Assuming that the 70,000,000 acres 
probably owned by the Government produce yearly, at an average, only 10 cubic feet 
per acre, which by correct management could in a short time be doubled, and reck- 
oning 1 cent per cubic foot on the stump as a low estimate, the domain at present 
represents a capital of at least $280,000,000. The annual expenditure for the pres- 
ervation and improvement of such property of a sum equal to the value represented 
by the a,nnuar growth ma.y not be considered extravagant. To this add the larger 
part of $8,000,000, the value of timber destroyed by fires, which would probably be 
prevented by proper organization,* If, therefore, the importance of these moun- 
tain forests did not justify a larger expenditure annually upon their preservation, 
the application of the value of their annual product for then' protection aiid man- 
agement would be a^dmissible simply froiu a busine'^ 

The following features in the organization of the public timber: domain appear 
desirable and loracticable : 

(1) To withdraw from sale or other disposal all timber lands. 
. (2) -If the expense of a survey— a simple running of outside boundaries— appears . 
. too great to warrant such survey, the withdrawal may be gradually effected by- 
a process of exclusion whenever entries for land are made. The exact location, 
too, may be established gradually from the notes of local land offices and the obser- 
vations of the forest guards, as hereinafter suggested. But in the more settled; 
districts a boundary survey at least will soon become necessary. . 

(8) The organization of the service should include a central bureau, traveling and 
local inspectors, and forest guards. - V > ; ^ 

(4) Tlie organization of the forest area should proceed gra^daally , as required, by 
dividing it into reserves of ten to twenty thousand acres each, twenty to thirty of 
such reserves to be formed into a district, the size and number of reserves and dis- 
tricts to be dependent on local needs and the greater or less difficulty of inspection. 
Unorganized territory to be -divided into^ d 

(5) i\inGtions of officers : 

The raiigers, or forest guards, act as local police, under genera! instructions and 
regulations from the central bureau, and under du'ect supervision of local inspect- 
ors, to whom they are responsible for their reserves and upon whose recommenda- 
tions they should be appointed. Assistants may be required during the dangerous 
season, and sheriff's power to call upon the aid of any citizen should be conferred 
upon these. - . - . . 



* The acres burned over and values destroyed during the census year 1880 were 
reported as follows ; 


States and Territories. 


Acres. 


Value. 


States and Territories. 


Acres. 


Value, 




356, 805 
37,910 


1440,750 
713,200 
603,830 




83,780 


$3,2.^5,000 

laooo 

1,04.^800 
935, .'^00 

14-2, 075 






Oregon. . 

Total Pacific slope 


Utah .................... 


. 42,8a5 
113, 820 
10,240 
&4,034 


&27, 045 


1,747,800 




Montona 


88,020 1 1,128,000 
21,000 202,000 

i - - 


Total Eocky Mountains . 


Idaho ... 


432,404 


6, 780, 371 
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The distnct inspectors, who must live within their district, appointed upon recom- 
mendation of the chief of division, and placed under bonds, are responsiljle for 
their districts and the acts of their rangers, and report to and advise with the cen- 
tral bureau ; they superintend ami regulate in detail the cutting of timber and other 
necessary or prescribed work, see to the execution and observance of laws and 
regulations, and act as intermediaries between the public and the central bureau. 

The central bureau, under a commissioner, with three division inspectors or 
chiefs of division, as a council, makes the regulations for district inspectors and 
rangers, has disposition of the funds, according to the yearly budget, fixes price 
and conditions for the sale of timber, and grants ]3rivileges from year to year, de- 
termines manner, method, and time of cutting, &c., and, in connection with the 
Land Oifice, prepares the mapping of districts and the legal work. 

The chief s of division Ought at least once a year to make an inspection tour over 
their division, composed of a number of districts, and so laid togei^her as to facilitate 
their insj^ection. One for the Pacific slope, one for the Rocky Mountain region, and 
one for all other timber lands might suffice in the beginning. 

(6) The disposal of timber to be cut under the regulaiions of the central bureau, 
with a view to natural reforestation, should be made on the stump, and in the first 
place for the requirements of the local demand only. 

The localities and areas to be cut over, also the lowest selling price for timber, if 
even only nominal, must be established yearly upon the report of the district in- 
spectors as to applications and local requirements, revised by the chief of division; 
so that in proper season the places wiiere cutting wall be allowed, the conditions of 
saleandother regulations, the Government rate, &c., can be advertised, and at stated 
days in each district, the timber may be disposed of at public auction to the 
highest bidder, who must deposit the amount of his bid with the central bureau be- 
fore cutting. Where local supply is the main object of such sales, they should be 
in smpJl parcels to suit. Where lumbering is to be considered above local need, 
larger parcels may be disposed of . 

Permission to erect saw-mills, &c. , should in every case emanate from the central 
bureau, which acts as the administrator of a valuable property, and sliould be given 
the greatest latitude in the division of the territory, the use of its forces, and in ar- 
ranging for the co-operation of local and State authorities. Such an organization 
would require, besides the head of the bureau, only three thoroughly trained forest- 
ers as chief s of divisions. The district inspectors are best chosen from men convers- 
ant with lumbering operations and woodcraft and with some knowledge of and inter- 
est in forestry. The guards maybe simply reliable men of discretion. 

(7) The cost of the total service depends of course on the number of districts to be 
formed. Take Colorado alone, which we will assume contains about 5 , 000 . 000 acres 
of public domain; for this we may require three hundred rangers and ton inspectors, 
and the expense may be placed in round figures at $300,000. This amo;mt could be 
saved by preventing only one-third of the forest fires, which seem to destroy over 
$900,000 worth of public property in that State yearly, and the 50,000,000 cubic feet or 
so of timber, which may be cut to satisfy the needs of the country for its development, 
would certainly, wdthout hardship to any one, yield enough to help pay the expense 
of less favorable localities and of the central bureau. The expen se of the latter, 
with the necessary staff of clerks, &c., could certamly be kept within the sum of 
$50,000. Even if the whole forest area were as thoroughly organized as proposed 
for Colorado, the expense of the service would not be more than 30 per cent, of the 
income which might be derived from this domain, or, which could be saved, by pre- 
venting one-half of the fires that yearly destroy about an equal amount. 

Thus the matter of cost appears as nothing. But I repeat that if the total income 
from the domain were spent upon its preservation and improvement it would not 
be an extravagance, and future generations of farmers, miners, builders, nay, of lum- 
bermen, would extol the wisdom of the legislature which thus preserved the needful 
forest cover of the mountains. — B. E. F. 

GOVERNMENT PLANTATIONS. 

That tlie operations of such a forest department might be pro]3- 
erly extended to the creation of new forests, so as to produce henefi- 
cial effects- upon the agricnltnral conditions of the arid a,nd semi-arid 
regions of tlie Western States and Territories, suggests itself . It has 
been shown that the climatic influences of the forest must be largely 
dependent upon its size and density, therefore no considerable change 
of the unfavorable climatic conditions of the plains can be soon 
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expected, rmless large tracts be covered with forest giwv^ 
military roBcrvations in the hands of the General Government form 
' a most desirable basis for sneh extensive plantations. Covered with 
a dense tree growth, such oases in thi^ bleak bnt fertile " desert" 
would better subserve the objects of oiir land i^olicy in regaM'tothe 
deveiopnient of the country than the disposal of them directly to 
settlers. 

If properly managed such Government forests would serve most 
admirably as practical schools of forestry, as object lessons, as forest 
experiment stations, and would alford aid where most needed to the 
forest planter of the plain, an example and incentive worth more than 
any other approxxdations oi^ g'l'fi'iife in behalf of forestry which the 
Government conld make. 

It is rto^ the control of the Government over private property, it 
is not the exercise of eminent domain, it is no^ police regulations' and 
restrictions that have produced desirable effects upon private forestry 
abroad, but simply the example of a systematic and successful man- 
agement of its own forests, and the. opportunity offered by the Gov- 
eminent to the private forest-owner of availingdiimself of the advice 
and guidance of well-qualified forestry 

That similar considerations should prevail and that similar organi- 
zations should be inaugurated by the individual States is evident^ and 
some of the States, recognizing the ;value of their forest domain, have 
taken initial steps toward preserving it and preparing the way for 
better management. 

How much forest property is held by the individual States or is 
under their control as school lands it has not been possible to ascertain 
for this report. It can be, however, only an inconsiderable portion 
of the total f orest area, as the principles of our policy are opposed to 
the holding and managing of landed property by the State. As we 
learn to recognize not only the ■ money value but also the; general 
economic import9.nce of forests,: whatever forest soil reverts to the 
State or is stiU held by it will have to Idb managed on a different plan 
from that hitherto in use^, by which it is often disposed of at inade- 
quate prices and only a temporary benefit accrues to the community 
from the sale. The first step in this direction has been taken by the 
State of New York, as will appear further on. 

PRIVATE FORESTS. 

The bulk of the once endless forest areas is held by private per- 
sons and corporations/ such as the railroad companies, to whom the 
land was granted by the General Government, by mine owners, by 
charcoal-iron works (holding abotit 3,500,000 acres*), tanneries, and 
other industrial establishments. The largest amount is in the hands ; 
of lumbermenvspeculators, and farmers. This last class of f orest own- 
ers must be considered the most desirable, since they probably form 
the most stable class of our population, and can devote the most care 
and attention to the management of their wood lots. It is a hopeful 
fact that nearly 39 per cent, of the reported forest area, comprising 
190,255,744 acres, seems to have been in the census year in the hands 
of farmers. By the planting of trees and groves this area is receiving 
yearly additions in which the f arming communities, especially those in 
the Western States, are almost exclusively concerned. It is to be hoped 
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that tlie farmers will pursue the most conservative policy in regard- 
to this kind of property, which will shortly increase in value as never 
before, and will therefore offer great inducements to part with it pre- 
maturely. 

DIFFICULTIES TO BE OVERCOME. 

The difficulties in the way of a change of forest policy are the same 
which have produced the unsatisfactory state of affairs now existing 
over a large part of the United States. They are greater and of a 
different nature from those which European nations had to encounter, 
and therefore call for different methods of treatment. 

In the first place, the peculiar and unique conditions under which 
the country has been settled have brought within reach at the mar- 
ket distant forest areas^ where, in order to make lumbering profitable, 
in the absence of a near-by demand for inferior material and leav- 
ings, wasteful and destructive methods of utilization had to be em- 
ployed. The phenomenally rapid development of our railway system, 
while it has aided more than any other enterprise in building up and 
settling this vast country, has also in many cases done irremediable 
damage to its future by inducing forest destruction. 

Other conditions which have produced a tendency to wastefulness 
in regard to timber resources nave been the necessity of clearing 
woodlands for agricultural purposes without a market for the tim- 
ber; instability of ownership in real estate, together with a spirit of 
speculationj and therefore decreased interest in the future conditions 
and welfare of a particular locality^ besides the prevailing ignorance 
of the importance of the forest interests and of forest management 
and the seeming inexhaustibility of existing natural supplies. 

To this add that the enormous profits made by those to whom the 
Government sold her fair timber domain at nominal prices have in- 
cited such competition in the lumbering industry, that while the price 
of stumpage has been kept at profitable rates, the prices for lumber 
have been so reduced that many mills can be made profitable only 
when driven to their utmost capacity of production; and therefore 
little or nothing can be expected from the lumber industry in the way 
of voluntary restriction or in assuming additional expense for proper 
forest management. - 

The difficulty of protecting large forest areas in thinly settled re- 
gions against depredation and fire makes this class of property^ pre- 
carious to own, and holds out an inducement to dispose of it as quickly 
as possible. 

The prices at present prevailing, due to the conditions just stated, 
do not represent the true cost of production of the raw material, and 
tend to make forestry for lumbering purposes appear unprofitable. 

While small groves comprising timbers of certain kinds and sizes in 
the prairie States, and woods of spontaneou.s growth in New England 
or near large cities may yield profitable returns, we must not blind 
ourselves to the fact that, upon the basis of present prices for lumber, 
forestry for the production of building timber cannot be considered 
profitable in all localities. A considei^able change in prices, how- 
ever, may be confidently expected at an early period^ and will no doubt 
place large forestry operations, begun at the present time, among the 
most remunerative enterprises for the future, provided that the objec- 
tions arising from the present insecurity of such property are removed. 

The necessity for husbanding supplies and for a proper division and 
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appropriation of forest and agriculturar soil has not yet appeared 
pressing. Thereare still millions of acres of nnoocnpied agricnltnral 
land. But this is heing settled at the rate of nearly 17,000,000 acres 
per year; and thns weinay go on till the end of the present century 
before the readily available farm lands are disposed of. Then only 
will the necessity for a more carefnl nse of our soils and agricnltnral 
resonrces hecome fuUjr apparent, and the need and true value of sci- 
entific forestry make itself felt. 

The ideas underlying our proprietary system are decidedly unfor- 
tunate with respect to the requirements of forestry as understood 
abroad and to some extent as conditioned in its very nature. The 
prevailing public sentiment which is'opposesd to the holding of land by 
Grovernrnent, except for the purpose of national defense, &c. , and the 
popular aversion to restrictive legislation in regard to the use of pri- 
vate property^ conspire with other causes to interpose great obstacles 
to the adoption of any known forestry system, or, indeed, of any 
conceivable system possessing the characteristics essential to an effi- 
cient prosecution of the great public ends which forestry is desi gn ed 
topromote. 

Forestry proper— that is, an industry contemplatin g a continuous 
production of wood to furnish material for the lumber supply of a 
nation, an industry which, like m well-conducted business, 

aims to reap only the yearly or periodical interest, 
the yearly accretion on the forest area—^ 

|1) Large contiguous areas stocked with forest growth^ 

(2) A capital, represented by such area, tied up for a considerable 
time before paying accumulated interest. 

(3) A careful management, yielding full results only -after a term of 
many years. 

(4) Considerable risks in sparsely settled countries from fires, which- - 
are liable to destroy capital and interest alike. 

(5) In conclusion, a business in which the inaiigurators hay e less 
interest than their successors, and which, therefore, according to 
human nature, will be neglected longer than any other, unless Gov- 
ernments or other continuous corporations engage in it or foster it. 

Whatever the laws of supply and demand may do to regulate pro- 
duction in other directions, forestry as an industry is an exception, 
which needs the fostering care of afar-seeing governmental policy 
whenever demand begins to equal the supply from natural sources; for 
the adjustment of these economic forces m the production of lumber 
requires too long a period of time to be left entirely to itself. " Mean- 
while we should not disregard the hopeful view of forestry presented 
in the following table, showing the percentage of forest area held by 
farmers. While in Europe the small farmer is rightly considered 
the least desirable forest owner, in America we can proudly show 
that the mainstay of our country is in the conservative class of farm- 
ers, and that in their hands forest property is at least sa<fer than in 
those of large holders or even of corporations. 

To the farmers, holding nearly 38 per cent, of the total area of 
forest and much of the waste land capable of reforestation, we must 
look, therefore,^ for forest preservation and improvement, and their 
interest in forestry matters it will most benefit us to study and to en- 
courage. 

In the following table an attempt has been made to arrange the 
States in groups representing as far as possible an average of similar 
agricultural, forestal, and climatic conditions. It is to be regretted 
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not only tliat our statistics for each State are of the roughest, but also 
that a separation of the same for localities of similar forest conditions 
or requirements is utterly impossible. Yet the following division %Yill 
allow us to form in a general way an idea of the prospects of differ- 
ent localities similarly conditioned in regard to forest conservancy. 

The farmevH^ interest in forest property. 



United states ... . 

Maine 

Ne^v Hampsbive . 
Massaciiusetta . . 

Khode Island 

Co*mecticut . . . . . . 

Vermont 



New England States . 



New York. , 

Pennsylvania 

New Jersey .............. 

Delaware , 

Marjdand and District of Co- 
lumbia, 

Middle Atlantic States . 



Virginia . , 

North Carolina , 
South Carolina. . 
Georgia 



Southern Atlantic States 



AtlanUc coast. 



Florida 

Alabama . . . 
IViisaisslppi . 
Louisiana . . 



Gulf States. 
Texas. ......... 



Michig:an. , 
WisconBiii . 
Minnesota . 



Northern lumbering 
States...... 



Ohio . . . . 
Indiana . 
lllihOLS . . 



N o r thorn agricultural 
States 



Lake States.. 

West Virginia . 
Kentucky ..... 

Tennessee 

Arkansas . . . . . . 

Missouri. ...... 



Central States., 



Total forest area. 


Proportion of forest 
to total area. 


+a 

- e 


Proportion of forest 
in fa rms to total for- 
est area. 


Proportion of forest 
in farms to total 
farm area. 


Area of land in farms 
unimproved, but 
not in forest. 


Proportion of unim- 
pl-ovednot in forest 
to total farm area. 


Aci^es. 
489,910,000 


Per ct. 
26.5 


Acres 
185,794,219 


Per ct. 
37.9 


Per ct. 
34.3 


Acres. 
61,055,049 


Per ct. 
11.4 


12,000,000 
3,000,000 
1,000,000 
200,000 
050,000 
■ 1,900,000 


62.7 
52.0 
19.6 
46.6 
21.0 
32.5 


2,682,296 
1,296,529 
1 004 099 
' 182^ 666 
' 646 073 
1,503; 467 


22.4 
43.2 
100.0 
91.3 
99.5 
79.1 


40.9 
34.8 
29.4 
35.3 
20.3 
31.2 


385,374 
116,532 
226, 669 

33, 661 
164, 680 

92, 660 


5.88 

3.1 

6.7 

0.5 

6.7 - 

1.9 


18,750,000 


47.0 


7,315,730 


39.0 


34.4 


1,019,576 


4.7 


8, 000. 000 
7,000,000 
2,330,000 
300,000 
2,000,000 


26.2 
24.3 
48.8 
23.9 
31.7 


5,195,795 
6,810,331 
708 092 
379,099 
1 637 330 


64.9 
83.0 
30.4 
93.0 
81.9 


21.8 
29.3 
24.2 
25.5 
31.8 


867.097 
558, 003 
125; 384 
64, 188 
145,305 


3.6 
2.8 
4.3 
5.8 
2,8 


19,630,000 


27.4 


.13,630,647 


69.4 


23.8 


1,750,977 


3.3 


13, m,GO0 
IS, 000, 000 
9,000,000 
18, 000, 000 


50.6 
57. 9 
40. 0 
47.7 


9,126,601 
13.868 086 

7; 255^121 
15,269,225 


70.2 
77.0 
80.6 
84.8 


46.0 
. 62.0 
53.9 
58.6 


2, 199,0?! 
2,014,^^1 
2,070,442 
2,509,327 


11.1 
9.0 

15.3 
9.8 


58,000,000 


52.4 


45,519,033 


78.5 


55.7 


8,853,131 


10.8 


96,380,000 


43.4 


66,465,410 


69.0 


42.6 


11,632, 684 


7.4 


20,000,000 
17, 500, OCX) 
13,0O0,(X3O 
13,000,000 


57. 0 
£3. 1 
44.0 
44.6 


2,186,601 
10,430,727 
9, 144, 323 
557^332 


10. 9 
59.6 
70.3 
35.1 


66. 3 
55.3 
67.6 
55.2 


163, 083 
2, 048, 901 
1,494,202 

976,202 


5,0 
10.8 

9.4 
11.8 


63,500,00a 


50.2 


26,318,083 


41.4 


56.8 


4, 682, 388 


10. 1 


40,000,000 


23.2 


15,851,365 


39.9 


43.6 


7, 790, MO 


21.5 


14,0)0,000 
17,000,000 
30,000,000 


38.1 
48.8 

59.3 


4,452,265 
4, 7(.i8, 046 
2,'030',726 


3i.8 
28.0 
6.8 


31.5 
31.0 
15.1 


1,058,113 
1,422,544 
4,125,600 


7.0 
9,3 

30.8 


61,000,000 


49.9 


11,251,037 


18.3 


26.4 


6,606,257 


15.5 


4,500,000 
4,500,000 
3,500,000 


17.3 
19.6 
9.8 


4,436,641 
4,379,759 
3,575,445 


98.6 
97.3 
100.0 


24.0 
29.0 
15.5 


535,282 
651,937 
622,916 


2 2 
2^7 
2.0 


12,5(X),000 


14.7 


12,391,845 


99.1 


22.0 


1,710,135 


• 2.2 


7'u, 500,000 


35.5 


£3,64;3,882 


32,2 


23.6 


8,316,392 


6.97 


9, 000, 000 
12, f^, 000 
16,000,000 
20.(300,0<XI 
16,000,000 


57.0 
50.0 
60.2 
5S.9 
36.4 


6,180,350 
10, 106, 072 
11,232,876 

7, 861,409 
10, 137,790 


68.7 
78.2 
70.2 
39.3 
63.4 


60.6 
47.0 
54.3 
65.2 
32.8 


221,102 
657,485 
937,483 
604,535 
996,455 


2,2 
3. 06 
4,5 
5.0 
8.6 


73,800,000 


50.5 


45,518,497 


61.6 


49.3 


3,417,060 


3. 56 
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The farmers^ interest in forest propert^h-Gontimied, 





Total forest area. 


Pi'oportion of forest 
to total area. 


Forest area lield in 
farms. 


Proportion of forest in 
farms t<> total for- 
est area. 


Proportion of forest in 
farms to total farm 
area. 


1 

1 Areaof landinfamxs 
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New England, with the exception of Maine and New Hampshire, 
has iieaiiy its entire forest area in the hands of farmers, and Maine 
Inmhermen having begun a more conservative working of their re- 
maining forest, that State may be considered equally 

The Northern Atlantic States, with the exception of New Jersey, 
show a quite satisfactory percentage thus safely owned; the pro- 
portion of such ownership in New York is increased to 75 ger cent, 
by State lands now" under management, and charcoal-iron interests 
in New Jersey will increase the safe percentage there also. 

It is to be hoped that farmers in the Southern States, who have 
more than 50 per cent, of their farms in forest, will not part with 
this portion of their property to speculators as easily as developments 
of the last few years have led us to anticipate. 

It is likely that the area of forest held by farmers is considerably 
less than it was in 1880, especially in the Gu:lf States, where Northern 
millmen have been buying lip large tracts of pine and cypress lands. 

The figures of fche three States classed as Northern agricultural 
show some discrepancies, which may be explained by assuming that 
what was reported as forest in farms contained much that, as waste 
and useless brush, had been excluded from the total estimate. 

In the prairie States much land is still unsettled, and all the forest 



DIVISION OF FORESTRY. 



Ill 



will ultimately "belong to the farmer, greatly increased by the artificial 
plantations which are more and more spreading over the treeless plain. 

The danger appears greatest in the monntoin regions; and nnless 
the State or National Government adopts a conservative policy little 
hope can exist for the forests situated there. They are mostly so far 
removed from agricultural lands as not to be easily included in farms, 
and while^ as shown before, their existence is almost a question of life 
for the agriculture below, yet at present the agriculturist has little 
power for their control. 

On thaPaGific slopethe danger is not les^ The possibility 

of getting small parcels of timber land (160 acres), under the timber, 
and stone acts, having opened a more ready means of speculation in - 
the timber of these important mountain forests, their destruction, re- 
gardless of consequences and new growth, is almost certain, unless 
checked by a changed Government policy. 

The unimproved land in farms, but not in forests, can be said, at 
least in the eastern half of the oontinent, to represent soil of little value 
to agriculture but upon which forest growth is possible, and where 
farmers should begin their artificial forestry. In the prairie States 
this class of soil represents about 30 per cent., and while much of it . 
■ Hiight no doubt be used for agriculture, it may well be asserted that, 
if properly put into forest, this area would increase in prospective 
value, and improve the conditions of the iieighboring fields far beyond 
the cost of such reforestation. : ; ; 

The accompanying chart represents at a glance the interest which 
the farmer has in the forest area still remaining, as well as the quan- 
tity of unused soil in each section which can be devoted to forestry 
as a x^rofitable investment. Equal spaces denoting equal areas, the 
total quantities, as well as the proportion to other forest areas, are at. 
once indicated to the eye. 

.. FOREST PLANTING AND" MANAGEMENT IN THE UNITED STATES. 

So far as known in this office but very few extensive forest planta- 
tions exist. These are notably the often-cited plantation of the Fort 
Scott and Gulf Railroad and that of Mr. Hunnewell, near Farling- 
ton, Kans. , of about one section (640 acres) each; a plantation of Mr. 
Burnett Landreth, of 300 or more acres, in Virginia; and those of 
the Messrs. Fay and others, along the sea-coast of New England. 
From Southern Calif ornia also are reported plantations of consider- 
able extent. 

Small groves abound in the Western, especially the prairie States, 
and are found less frequently in the Eastern States, notably in Massa- 
chusetts. In the aggregate these plantations must amount to quite 
a considerable area, affording a hopeful prospect in respect to the 
creation of new forests. This hopeful prospect does not exist in re- 
gard to the remaining natural forests". With the exception of moro; 
carefully eonduoted lumber operations in Maine, where there is less 
recklessness than formerly in the destruction of young growth, and 
beyond the rarely enforced rules in regard to cutting on Govern- 
: ment lands, recited in another place, no attempts at management, so 
far as known at this office, have oeen made; or if any have been made, 
they are so isolated and primitive as hardly to deserve mention or the 
name of management. 

The fencing out of cattle from newfer cut deciduous forest, or even 
from single stumps, to preserve the uct" growth — a precaution which 
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is taken by careful farmers in Pennsylvania and elsewhere— is tlie 
first step toward management ; the farmers, again, are also the ones 
first to appreciate the value of thinning natural growth for the pur- 
pose of improving the remainder. But all such attempts still seem 
exceedingly isolated. 

There should also he mentioned a few experimental plantations at 
several agricultural colleges, which, though not extensive, nor in 
most cases started with any special purpose or systematic plan, will 
he exceedingly valuable by and by as ready means for instruction in 
forestry when this shall form a part of their plan of studies ; and 
even now, often by the very mistakes that have been made, they are 
rendered most instructive, affording means for the observation of tree 
growth and the interdependence existing between it and the many 
varying conditions in the artificial forest. The experimental railroad 
plantations have been discussed to some extent in my report on 
Western tree planting. 

GOVERNMENT ACTION IN REGARD TO ITS 0"^N LANDS. 

To protect its timber domain the General Government, through 
the Land Office, appoints "special timber agents," "with the duty 
of enf orcing compliance with the several laws relative to protection 
and preservation of public timber and. the rules and regulations pre- 
scribed thereunder by the Department of the Interior," "They 
should remember that it is not the purpose of the law to prohibit the 
use of so much of the public timber as may be actually needed by 
the bona fide settlers for agricultural and domestic purposes, but to 
prevent it from being made an article of speculation f orthe pecuniary 
gain of a few individuals to the detriment of the many, or from being 
wantonly wasted or destroyed," 

Lawful taking of timber from the public domain includes: 

' Cutting on honiestead and pre-emption entries be of 
clearing and for buildings, fences, or otlier improvements, also catthig and selling 
any surplus of timber on lands to be cleared. 

On mineral lands, all citizens of the State in wMch the lands are situated are per- 
mitted to fell or purchase and reserye for building, agricultural, or other domestic 
purposes any timber, provided (1) that the same is not for export from the State 
or Territory where cut ^ (2) that no timber less than 8 inches in diameter, is cut or 
removed; (3) that it is not wantonly wasted or destroyed (the fadm-e to utilise all of 
the tree that can be profitably used and to take reasonable precaution to prevent the 
spread of fires will be regarded as waste). 

**The timber on military, naval, Indian, and other Government reservations can 
only be cut by persons employed by the Government for that purpose. 

"All land-grant railroads are authorisad to take timber from the public land adja- 
cent thereto for construction purposes. (The Denver and Kio Grande Railroad is also 
authorized to take timber for repairs). The term" adjacent" is, or used to be by con- 
struction, extended somewhat indefinitely, as also the purposes for which the timber 
was taken, : 

' ' All right-of-way railroads are authorized to take timber from the pubho lands ad- 
jacent to the line thereof for construction purposes only. The persons cutting such 
timber miist be in the actual employ of the raihoad, and cannot cut and sell timber 
to the railroad at a piece-price. 

" Trespassers are liable to both criminal prosecution and civil suit, as well as pur- 
chasers of timber unlawfully cut; but compromise is admissible in both or either 
actions if the evidence indicates that the ti'espass was not willful but uniutentional, 
or if there are other extenuating circumstances. 

^* In the Pacific States and Territories the sale of timber land (unfit for agricult- 
ure), in parcels of not more than 160 acres, for the express purpose of benefiting the 



* From various reports of the Commissioners of the General Land OiHce. 
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urcliaser and for his own use aiid not for speculation, is permitted by the act of 

" Instructions to the special timber agents requireof them to ' use all possible means 
to check the progress and extinguish forest fires in their respective districts,' and 
' to employ assistance and, if nece^saryj espend a reasonable sum for such purpose. ' " 

For the purpose of preventing or bringing to notice such trespasses 
as are possible under the foregoing privileges and otherwise^ and of 
preparing the evidence for legal prosecutions, attending courts as mt- 
nesses, &c., during the last year, a service in the aggregate equiva- 
lent to that of twenty-one agents for twelve months, was employed,* 
over areas amounting in the aggregate to more than 70,000, 000 acres. 

Twelve hundred and nineteen cases of depredations or timber tres- 
passes have been reported, involving a value of $9,339,679 recoverable 
to the United States; the amount recovered by settlement, sale of lum- 
ber, and through legal proceedings, as actually on record, amounted 
to $101,085.44, with perhaps an equal amount recovered but not yet 
reported. 

As the agents are not clothed with police powers, but simply act as 
informers and legal attorneys, they moreover lack the desirable co- 
operation of the resident population, which makes the arduous duties 
or agents still more onerous and renders their services less efficient 
than they otherwise might be. 

Of the individual States but few hold or control any lands, unless it 
be school lands granted by the General Government. Some of the _ 
States have taken decided action for the' purpose of protecting their 
remaining forest property. ■ 

FOREST COMMISSIOm , - - : 

The State of New York, holding 715,267 acres of forest land in the 
Adirondacks, instituted in 1885 a Forest Commission with extensiye 
power, arid aTOropriated $32,500 fo the work of the same. The first 
report of the tx)mmission would indicate that th^^ work has been begun 
with good intent ^and encouraging results, at least so far as securing. 
the property against depredation by theft and fire; and the Commis- 
sion is"^ receiving a hearty and intelligent support from the lumber-" . 
men and land owners of the Adirondacks and the Catskills. 

it being recognized that protection against iire is the first consid- 
eration in any attempt at forest management, the Commission has 
vigorously undertaken to secure this protection. 

riie State of California has recently created a Forest Commission, 
with a moderate appropriation (115,000), its attention being primarily 
directed to preventing forest fires, bringing depredators to justice, 
aiding forest planters with seed and other material, and making a 
forest map of the State.f 

Of the Forestry Bureau of the State of Ohio it cannot be said that it 
was created with any definite policy in view, it having been appointed 
and provided with a small appropriation for the purpose of gather- 
ing information in regard to the forest condition of Ohio and making 
recommendations for legislation calculated to develop a rational sys- 
tem o£ forestry. 

From the report lately , issued it appears that in the thirty years 
from 1853 to 1884 the forest area of the State was reduced from '54 .19 
to 17. 39 per cent, of the total area; a decrease which cannot have been 

■^•Annual Seport of the Commissioner of the Land Office for 1886. 
I The first report, containing a very valuable account of tlie Redwood forests, lias 
just appeared. ' 
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tritHout seri^^^^ influence uj^on tlie climate and water supply of tte 
State and its river systems. The laorrors of the last floods stiU inonr 
memory, may with good reason he connected with the rapid deniidar- 
tion of the tribntaiy hilM 

The State of OoloradOj too, ordered the appointment of a forest com- 
missioner, hut omitted to make any appropriation for him. Therefore 
the authority conferred upon him, giving him ^^the care of the wood 
lands of the State, and requiring him to niake and publish reasonable 
rules and reg illations for the prevention and extinguishment of fires 
thereon and for the conservation of forest growth/' &c. , could not 
be of much avail. In this emergency this Bepartment enabled the 
Gommissionor appointed by the governor of Colorado to devote his 
time and energy, at least to some extent, to the interests of forestry, 
by employing him to report upon the forest conditions of the Kocky 
Mountain region. His valuable rei^ort is just completed, f 

FORESTRY DIVISION. 

The attention of Congress having been called repeatedly to the ne- 
cessity: for a definite forest polic}^ for the United States, the Commis- 
sioner of Agriculture was required by an act of August lo, 1876, to 
■ appoint— . ■ ; ; - ■ - . 

** some man of approved attainmeiits, and practically well acquainted with the 
methods of statistical inquiry, with a view of ascertaining the aimual amount of 
- Consumption, importation, and exportation of timber and other forest products; the 

_ probable supjily for future wants; the means best adapted to the preservation and re- 
newal of forests; the influence of forest uj)on climate; the measures that have been 
successfully applied in various eountries for. the preservation and restoration or 
planting of forests; and to report upon the same to the. Commissioner of Agriculture, 

: to be by him transnn^ 

: After two reports had been prepai^ed upon the subject by the late 
I)r. F. B. Hough, the work became in 1881 the object of a Forestry 
Division, as part of the organization of the Department^ for the pur- 
pose of ^4iivestigating and reporting upon the subject of forestry/' 
In I88ttj without increasing the appropriatioUj the duty of making ^ 
experiments was added to the f unctions of the Diyision ; and iii 1885 
the collection and distribution of valuable economic tree seeds was 
also required, to which "plants has been added for the present year, f 
No record of experiments is at hand, and the distribution of seeds 
has been ver J limited. On account of our large extent of country and 
its differences of requirement as to kinds of trees, this provision must 

* The value of the property in the Ohio Talley destroyed by the flood of 1883 has 
been estimated at |60,000^0d0. Nor will this seem an unwarranted estimate, large 
as it is, when we consider that the area drained by the Ohio River is not less than 
214,000 square miles, or twenty-two times as large as that drained by the Comiecti- 
cut. The Ohio VaHey drains portions pf thirteen 

■f- Tlie reappointment of Col, E. T. Ensign as forest commissioner, with, enlarged 
powers and suitable appropriation of means, places the forestry interests of Colorado 
on a safer basis, ^ ■ / 

if It is worthy of note that this mode of encouraging forest growing is quite ex- 
tensively practiced on the Continent a,nd elsewhere. 

During the last year the Bohemian Forest Department and forestry associations 
distributed 4,600,000 seedlings, of which nearly 4,CK)0,000 were coniferous. Double 
the amount is prepared for distribution next year. The same is done in Styiia. The 
Hungarian Department of Commerce distributes plant material free on board cars. 
In 1884 the Prussian Forest Dep^toent distributed over 25,000,000 seedlings. The 
large subventions in material and M money granted by the French Government 
for reforestation Imve been often pointed out in former reports. 
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remain practically nugatory so long as only inadequate means are at 
its disposal. Tlie result of tlie work of the DiYision as sucli lias been 
publislied in two special reports, in addition to tlie two previous 
made by Dr. Hougli, and in the annual reports of the Departmnet of 
. Agriculture. In addition to this collected information, many letters 
of inquiry agking for instruction in .regard to_ forestry matters find 
replies through the mMium of the Divm - - 

STATISTICAL INQUIRIES. 

It has become a recognized fact that incomplete, and, therefore, iin- 
reliable statistics are harmful rather than helpful. While good, re- 
sults in statistical work can be expected only from a large and well- 
organized force of correspondents, conversant with and interested in 
. the subjects of inquiry, and with some certain benefit to themselves 
resulting from their labor, the Forestry Division has not the means 
to employ such a force. It may be added that in this country forestry 
statistics are most difficult to obtain, both on account of the large 
area of sparsely-settled land and the lack of competent observers. 
Even in such a country as Grermany, so densely settled and well ad- 
ministered as regards forests, a recent writer on the question of forest 
statisticalinquiries finds it neceswy 

'' The Government lacks greatly a sure basis for the realization of the purposes of 
its forests. When deforestation may be admissible, where required, where it has 
done damage, where reforestation is required and to what extent for the security of 
agricultural conditions, are all questions for the answer of which the data are lack- 

M work, then, of the Forestry Division, and the 

same will be true of other forest statistics, represents only an uncer- 
tain approximation to the actual condition of affairs. 

A thorough statistical research in certain definite directions is a most 
urgent necessity. First of all, it would seem desirable to locate the 
timber domain still in the possession of the Crovernment, and to de- 
ternaine its value as a sour<ce of lumber, or its economical importance, 
in order to furnish a basis for establishing a desirable policy m regard: 
to its disposal or maintenance. The condition and present extent of 
the wMte-pine forests of the North shouM be ascertained as accurately 
as possible. The need of such investigation into this/ the most im- 
portant branch of our lumber industr}^, is apparent from the many 

: expressions of lumbermen in their special jpapers. 

An attempt to ascertain approximately the extent and conditions of / 
the forest cover of the Northwestern States has been instituted by this 
Division by enlisting the school organizations of the States in the work. 
By this means it was thought that while securing an intelligent force 
of correspondents^ the interest of the teacher in the cause of forestry 
might at the same time be engaged. The invitation to such co-opera- 
tion has been cheerf ully accepted in most cases by^ the school authori- 

" ties. Whether b this means- acceptable statistical results wili be 
obtained remains to be seen. One of the agents of the Division^ Mr- 
James Byars, of Covington, Tenn. is engaged in an exhaustive statis- 
tical research into the forest conditions and lumber resources of his 
own State. 

A report on the dependence of railroad construction upon forest 
supplies by Mr. M. G. Kern, of Saint Louis, agenl) of the Division, has 
just been completed, giving in a number of Appendices important 
practical information to railroad managers regarding possible econo- 
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mies in tke nse of timber. Amoiig these will; be found tbe original 
inYestigations into the striicttLre and use of certain railroad ties by 
Mr. P. H. Dudley, G. E., of IsPew York; experiments in regard to the 
adhesion of spikeaand the economy of different methods of fastening; 
a review and practical elucidation of different methods for the pres- 
ervation of timber^ by Col. of- Saint Louis, and Mr. H, 
Constable, C. E. , of New York, and an exhaustive report on metal ties. 

A report on the relation of charcoal iron works to forestry has been 
prepared by Mr. J. Birkinbine, secretary of the Charcoal Iron- Work-, 
ers' Association. Reports on the use of timber in mining enterprises 
and on the state of wood manufactures are in preparation. 

It was thought that by such reports those interested in these indus- 
tries might be aroused to the necessity of securing a continuance of 
supplies, and as many of the industries are carried on by owners of 
forest lands, their action leading to an economical and systematic 
management of these might be secured. 

PHENOLOGICAL OBSERVATIONS. 

The desirability of interesting our educational institutions in the 
work of forestry reforni, which has been so strongly emphasized by 
some forestry advocates, has not been ignored. To bring the agricult- 
ural colleges and their students into active sympathy with the work 
of the Division, schedules for observations of plant development, re- 
lating notably to the date of the fiowering, leafing, and fruiting of 
trees, were sent to the prof essors of botany for distribution among 
advanced students. To enlarge the class of observers, the members 
of the Agassiz Association, at their request, as well as private appli- 
cants, were supplied with schedules, so that quite a large corps of ob- 
servers were engaged upon this work. By thus inviting students to 
personal and methodical observation of tree-life, under the direction 
of and in connection with the Forestry Division, it was hoped that such 
an interest might be incited as is thought to be essential to our future 
forest policy. 

The principal aim of such observations, to be carried on through a 
series of years under certain prescribed conditions, is to arrive at 
some practical points of climatic comparison; or, as stated on the 
schedule: 

(1) To note tlie progress of local development in tree life, for the purpose of en- 
larging the knowledge of biological conditions. 

(2) To arrive at conclusions as to relative climatic conditions expressed by phases 
of plant development, and also, -y^e t'ersa, as to dependence of such developinents 
on. such conditions. - 

(3) To determine the period of vegetation of different species (time from appearance 
of first leaf to general change of foliage). 

(4) To ascertain the relative dependence of different species on climatic conditions 
deterniining relatively the time for planting. ' 

(5) To fiirnish comparison of the behavior of the same species under the climatic 
conditions of different localities, thus allowing preliminary estimates of the capacitv 
of the species for acclimation.. . 

It cannot be denied that the complex factors which we designate 
under the comprehensive term climate'' find most readily a satisfac- 
tory expression in the development of plants, and therefore, if by 
observations continued for many years on the same individual plants 
in different parts of the country we can establish the average occur- 
rence of a certain plant phase, for instance the flowering, we shall 
gain pretty safe points for comparison between the oKmatic conditions 
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of different localities. SucIl observations were carried on throTigh a 
series of years by the Smithsonian Instittition tMrty years ago, though 
not on a systematic plan. Yet by comparison with these data we shall 
get additional opportunity to judge regarding the change of climate, 
if any has taken place, since, that time, and thus contribute to the 
settlement of the mooted question of forest climatic influencesi 

Even from one season's observations, made simultaneously in sev- 
eral pla;ces, deductions of compara,tive climatic conditions may be 
made. . - V _ . . • ... : > - 

BIOLOGICAL STUDIES. 

Though many helpful notes may be found in the writings of botan- 
ists and horticulturists, yet no special studies of the nature of our tim- 
ber trees, their life history, or the influences and conditions upon which . 
their growth and reproduction in the natural forest depend, have been 
made or published in collected form with a view to the particular 
requirements of forestry. All or most of the facts which would enable 
us to apply, or to modify in applying, the principles of forestry estab- 
lished by long experience on the Continent are lacking, and in order 
to be able to give advice as to methods of forest management the sys- 
tematic study of the biology, the life history, of our timber trees must 
precede the formulation of specific rules. 

This work the Forestry Division has begun this year, and a number 
of able observers and botanists, with a practical turn of mind, 
have been engaged to make and compile m ready form the studies 
and observations on the life and behavior of our native species upon 
which the forester may proceed intelligently in his management. 
These studies will naturally require years for their satisfactory coin- 
pletion, as observations must be made in a great variety of localities : 
and through several seasons. ^ 'We must gather and compile the expe- 
riences of many, through many years, from many localities, under 
many circumstances, derive principles therefrom, form rules, and 
learn to modify these." Besides, the forest iiora of the United States 
is very extensive, and the number of capable botanists who are willing 
to engage in such a task, for v/hich only the scantiest remuneration 
is allowed, is small, and thus this preliminary work will be unduly 
prolonged unless better facilities are granted. 

As the coniferous trees arQ to-day, and will be for some time to 
come, the most important factors of our present forest wealth, and 
as their reproduction and management, especially with the unfavor- 
able conditions under which our forests are worked, are among the 
most dif&cult tasks of forestry, attention has been first directed to 
the study of the most important of these, namely, the White pine of 
the North, the Long-leafed pine and the Cypress of the South, the 
pitch pines of the Western mountain ranges, and the fast-disappear- 
ing Hemlock, so important for our leather industry, soon to replace 
more largely the waning supply of White pine. The monographs on 
the White pine, by Prof . S. Y. Spalding, Ann Arbor, Mich.; on the - 
Long-leafed pine, by Dr. Charles Mohr, Mobile, Ala. ; and on the Bald 
Cypress, by Prof . A. H. Curtiss, Jacksonville, Fla., have been com- 
pleted. It is proposed to take up gradually the other important coni- 
fers and deciduous trees. In order to establish this work upon a uni- 
form basis it was found necessary to formulate the subjects, and the 
following arrangement was prepared in this office to serve as far as 
possible as a schedule fo^r studyingvthe biology of oi^^ 
12AG— '86 
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SOHEDTJLB OFOK STUPYINa- tTHE BIOLOGY GF TIMBER TESES, ■ 

(ay Introduction^ > v ; 

- Significance of the tree m theJorestr^^ short stateiiaeiit juBtifying 
the iiwestigation; historical remarks ; sources of information and acknowledg- 
ments of aid; statement of methods of inquiry. 

{h) Statistical. - 

1. Geographical distribution and habitat; (in general by regions, where best de- 
Teiopedj most abundant, coTering large or small areas, continuously or Giily mixed 
in, associated wtfch what other species, &c,). ■ : " ^ 

. k. Economical importance, utilization/ trade,^ former and present supply, acreage, 
_ amounts used, available, &c, ^ ^ _ ^ . ^^^^ - - 
3. Value and uses of the wood. 
(e) Biological, 

1. Short botanicar expose; name, size, form, root, crown, habit. 

2. Life history; development from seedling; leaves, flowers, seeds, seed crops. 

3. Influences, on form and development ^ of climate, soil, site, surroundings, and 
light and shade as compared with other sjecies. . 

: 4. Measurements; rate of growth in height and in diameter, in natural forest or 
under cultivation ; at different periods of hfe ; on different sites; time necessary to 
produce merchantable timber; yield of wood per acre. 

5. Structure of the wood and mode of its dev^lopineiit; influences upon quality; 
illustrations. v ; 

6. I)angers and diseases: ■ " : " 

(a) From mechanical forces, huinan agencies, cattle^ wounds, winds, snow, 

frost, drought, floods, ■ / ' 

(6) Occasioned by i^ 
^ (c) -Occasioned by phanerogamic parasites. 
(d) Oceasione^^^^^ 

; - (e) Occasioned by insects. . ■ -- ' ■ - V " 

X^) Forestal. ' ^ " ~ " \ " : " 

- 1. Essential demands on climate, soil, and gi'owing conditions. 

2. Associates found naturally with the species and their relative behavior. 

3. Opportunities and requireDients for natural renewal (especially considering' 
seed crops, seed years, germination, and the need of Ught or shade for young plant); 
difficulties for practical and economic reasons; for natural reasons. 

4. Methods of managenient suggested. 

5. Artificial renewal.^^^^ ' ." - _ - _ . 

6. After treatment: Thinning; when and how much, 

7. Rotations. . " / ' \ \ / , " . ■ - \ 
3. Profits under different treatment. : _ 

(ej Conclusions. . \ ' 

Stating in the briefest manner, in a few p^^ sentences, results of investigation 
in regard to economic and forestal questions. 

INSPECTION OF WESTERN TREE PLANTING. 

Under your directioii, I made in Septeniber a very brief and hiir- 
ried journey t.lirongli Kansas^ Nebraska/ and Colorado, to inspect 
tree planting and its conditions in the once treeless regions. My 
observations have been embodied in a special report, irom whicii to 
some extent may be gleaned tlie needs> tbe causes of failure; and 
remedies for the same/ witliJiopeful views as to the possibilities of • 
/further extension of the tree; planters work into the arid regions. 
That the utilization of the military resei'vations for forest planting 
by the Government would be a most desirable encoura-gemeiit for 
Western tree planters, and at the same time would enhance the 
value of agTicultural lands near such extensive forest belts, has been 
pointed out and finds ready indorsement among those most convers- 
ant with the condition of those localities. : 

The need of aid by a systematic and rational distribution of suita- 
ble plant material, either gratuitously or at nominal rates— a work 
which could most readily be done from such experimental forests— 
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has been generally acknowledged by persons who are not themselyes 
applicants for such aid. 

At your request/ 1 ak^^ the meeting of the American For- 

estry Congress in Denver during the month of September, when the 
presence of representatives from the States and Territories afforded an 
excellent opportunity for ascertaining from those best fitted to judge 
the prevalent feeling and opinions in regard^t^ forestry. Though 
many diverging views as to the most desirable manner of procedure 
were advanced, the necessity of a change of policy at least as regards 
the use of -the forest domain of the Grovernment was unanimdusly 
declared to be urgent. 

During the course of the year, as your representative, I have also 
delivered several addresses on forestal subjects before Forestry and 
other Associations. 

LEGISLATION. 

Legislation in regard to forestry may be considered under the 
classification of restrictive, protective, and stimulative legislation. 
Laws of the first and second class have been passed from an early 
period, and have been designed to prevent the indiscriminate cutting 
of timber, especially of live-oak, and to prohibit the unauthorized cut- 
ting or the injury of timber whether growing "opon private lands or 
upon those belonging to the Government. The emciency of these laws^ 
however, depends, even more than that of other legislative acts, upon 
the greater or less ease with which the laws can be enforced. At pres- 
ent no laws restrictive of the use of forest property by the owner 
exist in any of the States. 

Protective laws, directed against theft or the destruction of timber 
by man or eattle, and against incendiarism, are found in every State 
and Territory. These laws, however, have not exerted much pro- 
tective influence. The law of a single State may be taken as a speci- 
men of the whole, for there is a general similarity among them; 

An J one willfully or negligenU^^ to any woods, prairies, or other 

grounds not belonging to him, or willfully or negligently permitting fire, kindled on 
his own land by him or by his permission, to spread to the injury of other persons, 
. is liable to a fine not exceeding one thousand dollars or imprisonment not over one 
year, or both, at the discretion of the court. The party injured may recover double 
damages for the injury sustained." 

While such laws may have sorae salutary influence, the diflB-Culty 
of establishing willfulness or negligence naust ever prove a great ob- 
stacle to the- enforcement of them. Other diflficuities also tend to 
make such laws ineffective. 

Particular attention must be called to the salutary effect of stock 
or herd laws, existing in a few States (chiefly Western), by which not 
only young growth is protected against the incursions of cattle, but 
also the firing of the woods, which is practiced mostly to produce 
fresh herbage for the cattle,, is restricted, and incidentally a large 
savingr in the construction of fences is effe 

But even were the firing of woods made a criminal oif ense, as it 
certainly should be in view of the evil consequences it entails upon 
the country at large, it would be almost impossible to render the laws ' 
eflective over the vast areas of timber land in private hands and in 
thinly settled regions, unless the spirit of the people were bent upon 
enforcing them. 

Where private interests require protection private co-operation will 
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be tlie most eflEectiye protector^ aiid where^ as in the case of forest 
property, the State has an economic interest in its i)reserYation be- 
yond the rnere pr^^^ co-operation of the^State 
authorities with the private interests is necessary. The adoption of 
what may be called the Canada plan is, therefore recommended for 
such States as have large lumbering interests to protect. 

The substance of this plan is given in the following paragraph, 
taken . from the recent report of the 0 of Crown Lands: 

"It is proposed that during tlie dangerous period, say from the 1st day of May to 
the 1st day of October in each year, there shall be placed on such limits as are ex- 
posed to danger a man or men who will be empowered and insti'ucted to use every 
endeavor to prevent and suppress fires in everyway possible, and the ranger who is 
placed in charge of a limit will be authorized to engage whatever help may be nec- 
essary to cope with a dangerous fire when prompt action is necessary. These men 
will be supplied with copies of the **Fire act'' and instructed to post them up in 
public and conspicuous places, to visit each person resident on the hmit and give 
them, if thought advisable, a copy of the act, explaining to them its provisions, 
_ penalty for its infraction, &;c., and to endeavor to enlist their assistance and sym- 
pathy to make the act effective. 

' * The Department will leave the limit-holder to suggest the number of men who 
shall be placed on his limit, and, as it is of ail things necessary that practical bush- 
men of good judgment and well acquainted with the limit should be selected^ he, 
the limit^holder, will nominate the man to be placed in charge of the limit and his 
subotdinates, if any, the Department reserving the right to limit the number pf raen 
to be employed on any limit and also to reject or remove any mo-n whom it finds 
xinfitted to discharge the duties of t^^ 

As to the expense incident to the working of the plan, the Govern- 
ment proposea one half, tho other half to be borne by the 
limit-holders. 

Bo far as timber-limit holders agreed to bear their share of the 
expenses connected with the experiment a trial was made in 1885. 
Thirty-seven men were placed in the field and kept on duty from June 
to October. The effect of their presence was excellent. Fires were 
suppressed which otherwise might have become vast conflagrations^ . 
. causing incalcnlable losses.- Persons wantonly violating :the pro vis- 
_ ions of the fire act were promptly brought to justice and fineC aiid a 
general and strong interest in the direction of preventing the start and 
spread of bush fires was created and kept alive. 

At the olose of the season the timber owners expressed their great 
satisfaction with the experiment- and urged its continuance and ex- 
tension.; ^ ^: : - / : ; ■ . 

Passing over the early measures for the encouragement of tree plant- 
ing of theNew York and Massachusetts societies for the promotion of 
agriculture, which date back to tlie beginning of this and the end of 
the last century^ we find bounties of from $2 to $1 0 per acre for plant ed 
forest provided since 1868 by the State legislatures of Massachusetts, 
Kansas, (repealed), Wisconsin, Missouri, Minnesota, Illinois, and Ne- 
: vada. Exemption from tax to an amount reaching from $100 to 
$200 for every acre planted to forest is granted in Iowa, Nebraska, 
Maine^ Connecticutv Dakota, RhodeTsland, Washington, and Wyom- 

;.ing.;.. ; ■ 

TIMBER-GULTURE ACT. 

To encourage forest planting on the treeless prairies, the General 
Government made tree planting, under certain regulations, the con- 
sideration for the acquisition of public lands. One quarter-section, 
or an equivalent f raction, was to be planted aiicV kept in growing con- 
dition for eight or more years, and to show 6T5 living trees per acre at 



DITISION OB' FORESTKY. 



181 



the time of proving up, in order to give title to the whole. According 
to the report of the Genera! Land Office, the lands taken under this act 
at present comprise 30,998,855:52 acres, of which 652,001,49 have heen 
finally ptered for proof or have passed into the hand of settlers. 
According to the law, four years were allowed for the final planting 
of the quarter-section; There should, therefore, be found planted to 
forest at least one-quarter of the entries made up to 1882, or 4, 414, 389 
acres. But as the time for holding lands entered under this act, as 
against other comers, '' may run for thirteen years," and commuta- 
tion to other classes of entry or relinquishment (for valuahle cojisid- 
eration) is not prevented, this result is far from having been accom- 
plished. The proportion of entries made under this act without 
securing the intended result of its provisions has been estimated by 
the Commissioner of the Q-eneral Land Office at 90 per cent. The 
organic faults of the act have been indicated from the standpoint of 
a forester, in the report on Western tree plan^^ 

AEBOB DAY. 

^ Among the encouragements of forestry the establishment of what 
is known as Arbor Day deserves to be mentioned. 

The credit of the inauguration of a day specially devoted to tree 
planting, from which it takes its name, belongs to Nebraska, in 
which State, by a resolution of the State Board of Agriculture, in 
January, 1874, the second Wednesday of April in each year was 
dedicated to the work of planting trees. The resolution was wel- 
comed by the people of the State, and as^a result it has been claimed 
that on the first Arbor Day, and during, the year 1874, more than 
12,000,000 trees were planted, and that there are now 100,000 acres of 
planted forest in the State. 

The example of Nebraska was quickly followed, especially by those 
States most lacking forest growth. In Iowa, Arbor Day was adopted 
in 1874 by the State Horticultural Society. ; Since then it has been 
established by legislative enactment. In Michigan the governor pro- 
claimed Arbor Day in 1876 ; and in 1881 it was formally established 
by the legislature. In Minnesota it was proclaimed by the State For- 
estry Association in 1876, and 1,500,000 trees were reported as planted 
that year. The day is now established by law. In Ohio, Arbor Day ; 
was established in 1882 by the legislature. In West Virginia it was 
extensively adopted in 1883, under - the lead of Hon. B. L. Butcher, 
superintGndent of public schools. In accordance with an act of the 
legislature, it was prodlaimed in New Jers^^^ 1885. It was adopted 
: the same year in Massachusetts and New Hampshire by the action 
of the State Grranges of the Patrons of Husbandry, and has been 
adopted more recently by the legislatures of these States. In 1886 it 
was adopted by New York/ Maine, Connecticut, Rhode Island, Penn- 
sylvania, and Florida. It has been ado,pted also in Vermont, Q-eor- 
gia, Wisconsin, Colorado, and Indiana. 

Kecently the scope of Arbor Day has been wide:cLed and its interest 
increased by engaging the pupils of the public schools in its observ- 
ance. The way has thus been opened for getting the facts relating 
to tree-growth and the practical uses of trees before the minds of old 
and young alike, and for creating and diffusing through the com- 
munity a sentiment which promises much good to the cause of for- 
estry. It is this educational aspect which makes Arbor Day a specially 
desirable means of forestry reform. 
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FOBESTRY ASSOCIATIOKS. 

The first Forestry Association formed in tMs eountry seems to 
liave been that of Minnesota (18'73)/ wliich, with State aid preyiously 
granted^ did mnch^ especially by the publication of its i^ore^if -Tree 
Tlante f s Mamial^ to encourage tree planting not only in Minnesota 
but also in other States. In 18'?o a National Forestry Associaticn was 
formed under the auspices of that well-known forest enthusiaBt^ the 
late Dr. Warder^ which^ however^ did not become active. The 
American Forestry Congress^ in which the Forestry Association was 
also merged/ was formed in 1882, and since then has met yearly, in 
different and widely-siindered localities, for the purpose of arousing 
public interest in the subject find promoting the formation of local 
rorestrjr associations> as well as to f orward any measures of desirable 
legislation looking to the protection and preservation of forests, and, 
by publishing from time to time it« proceedings, to diffuse informa- 
tion on the subject. The disinterestedness of its comparatively few 
members in urging forestry reforms cannot be too highly extolled. 

Following in its wake, and to some extent as an outgrowth of the 
work of this Association, local or State Associations have been formed 
" . in . Ohio, Colorado, !N^ew York , and Pennsylvania, the Gulf States 
being represented by the Bouthern Forestry Congress,- with the same 
object of forwarding, by discussion and pubiicatioii,^the interest of 
forestry in their particular localities.^ : 

In other States, where such associations have not yet been formed, 
the horticulturaror agricultural societies have devoted much atten- 
tion to the sub ject of forestry, and by discussions aiid publica- 
tions have done much to adyanceits interests. Among those deserv- 
iiig special mention are the Massachusetts Horticultural Society and 
/the Societies of Mi lowa^ and Kansas. 

The most recent action of associated interests in forestry is reported 
from the State Grange of Maine, embracing a membership of 15,000 
farmers, which , by the apjDointment of a committee on ^ - arbor day 
and forestry," has^committed itself to the siibject. 

: Asthe farmers hold nearly 3^^^^^^ of our forest area, this move 

must be considered highly important, and it is to be hoped that the 
granges all OTer t best efforts 

to bear upon the needed reforms in the use of our forest resources. 

INSTBXjdTldK IN FOREST 

There arei no schools of f orestry in this country, * nor are there reg- 
ularly appointed chairs of forestry in any of the colleges or universi- 
ties. . In sofne of the agriculttirarcolleges the professor of botany has 
the^title" and forestry'' added, but instruction, if given at all, is only 
incidental. Occasional lectures on forestry subjects have been given 
at the University of Pennsylvania from time to time, in accordance 
with the provisions of the Michaux fund.'' A conception that for- 
estry is a distinct branch of economics and not identical with arbori- 
pulture, or simple tree planting, has not yet found entrance into our 
institutions of education. 

* The recent repGrt of the CaMfornia forest CGinmission mentions that a forestry 
school is being inaugurated at Los Angeles iii connection with the University of 
Southern Calif ornia. 
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LITERATURE, 

There having ^em^^m at artificial or scientific forestry 

until very recently the tree planting of the West and in a few 
instances elsewhere, the literature of the subject in this country is nat- 
nraUy very limited.; The largest part, to be found in magazine arti- 
cles, essays the proceedings of associations, and other papers, is of a 
general nature, dwelling upon the importance, value, or history of 
: forestry, or is a recital of European methods. 

-^Forest floras and descriptive forest botanical works are met in suf- 
hcient numbers, some giving necessary instruction in regard to the 
propagation of trees; but an esposd of the principles which underlie 
forestry proper is, for the most part, not even presented by those who 
profess to _write on forestry. It is to be regretted that the only 
-periodical devoted to this subject, the American Forestry Journat 
edited by the late Dr. F. B; Hough, had -to be abandoned after one 
year s issue (1883) for lack of support. The English Jouraa^ of 
also been abandoned, no forestry periodical in the 
^ngash language is in existence except The Indian Forester, which 
deals specially with tropical conditions. A Forestry Bulletin, issued 
by the American Forestry CongrBss, had also to be abandoned for 
lack of interest. The Pennsylvania Forestry Association, has recently 
issued several numbers of lea;flets, i^or^^-ir^/ Xeat^e^; The A^icul- - 
tural press, and the daily and weekly newspapers also, are beginning 
to introduce forestry matter liberally into their columns. 

A ;^retty f ull coUection of wo on forestry, published in Great 
Britain, together with some continental publications, may be found 
in the Congressional Library at Washington and in the public libraries 
of Boston and New York, and a few elsewhere. 

FOREST POLICY. 

Recognizing ^ the importaM^ forests, on account of their 

direct and indirect bearing upon the development and continuous 
productiveness of a country, almost all civilized nations have devised 
systems of forestry, at least so far as government holdings of forest 
areas are cdncerned, and encourage and protect similar systems of 
^management bjT- private holders, in some cases even enforcing such 
systems upon them. Enforcement, however, is as yet practised only 
in very rare and urgent cases (contrary to the conceptions jprevalent in 
this country)^ the necessity of f orest police regulations having been 
recognized abroad only in recent times. - 

All Governments, however, are gradually awakening to the need 
of such forest policy, and, further, to the desirability of preserving 
oertain forest areas in the hands of the Government, which alone can 
have a sufficient interest in the future conditions of the country 
dependent on forest cover. Thus, in Austria, where, since 1825, finan- 
cial straits of the Government have necessitated the sale or mortgag- 
ing 6f more than 50 per cent, of tlie public domain, a new policy was 
inaugurated in 1868, by which were rigidly excluded from sale— 

(1) All forests which, on account of climatic considerations — for the protection of 
water-sheds and for the conservation of faTorable agricultural conditions of extensive 
regions or particular localities— ought to remain in the hands of the Government. 

(S) Such forests as are needed for carrying on salt-works and similar Government 
establishments, - ^ 

(3) Such forests as promise so tnsignifloant a yield or profit at present as to make 
their^^preservation for future requirements d 
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Ill Australia, tlie conditions of wMch/ politically, economically, 
and often climatically, are somewliat similar to onrs, systematic for- 
estry lias been introdTiced lately, and in such, a manner and with, such 
success as slionld invite imitation. . -r» 

The report of the Woods and Forests Department (J. Ednie Brown, 
Coiiservator of Forests) for 1885-'86 shows that since 1876, ^, e.^foT 
ten years, the expenditures for this department were, in round num- 
bers, $284,000; the revenue, 1287,000; and in addition to the balance 
of revenue the approximate value of permanent improvements secured 

is estimated at $729,000. ^ 

Among tbe expenditures appears, for raising of trees for tree dis- 
tribution during the last four years, $8,000. The trees reported alive 
cost the government 1^- cents eacb. The area reserved by the gov- 
ernment, at first comprising 239,368 acres, has been increased to 
257,324 acres, of which, however, 92,000 acres are not intended for 
permanent forestry. Six thousand six hundred and eighty-five acres 
bave been inclosed and planted, mostly in tbe arid regions and under 
trying cireumstances. 

The revenue is derived chiefly^ from leasing lands for grazing or 
agricultural purposes and from timber licenses. The success of this 
modest experiment undoubtedly lies in allowing one competent man 
to remain in charge of the work from its inception, and granting him 
liberty to administer the property according to his best Judgment. 
The effect of the good example of the government upon the public 
is commended in every annual report, and in that of the present year 
in the following words: 

The results whicli will accrue to the colony at large wiir be boundless in their 
utility and embellishinent. In a treeless country such as ours the planting of trees 
becomes a national necessity, and not merely an individual hobbyy to be taken up 
or abandoned as caprice may direct. The Government cannot eompd a man to 
plant, but it may persuade him to do so. 

Note, — To enable us to form an idea of what forestry means in the household of a 
nation the following figures are given, based upon the results of ten years of govern- 
ment forest management {1870-"?9) in the fourteen prominent states of Germany, 
assuming that the same conditions prevail in private forests : 

The Government forests embrace 13,000,000 acres, or 35 per cent. „ and the private 
and communal forests 22,000,000, or 65 per cent. The total forest area is 34,000,000 
acres, or 35^ per cent, of the total area of Germany. 

Amount of wood produced yearly, 1,870,000,000 cubic feet (55 cubic feet per acre), 
which m:ay be considered the yearly 'accretion, of which timber wood (above 3 inches 
diameter) forms 27 per cent. , or 6,000,000,000 feet, B. M. Total gross income, mostly 
for wood, amounts to about $05,000,000, the total expenditure being about $38,000,000 ; 
making a net yield of $57,000,000. Of the expenditures, 16 per cent, goes for culti- 
vation, improvementSj roads ; 82 per cent, for lumbering ; 42 per cent, for adminis- 
tration or protection. The bulk of this expenditure is almost entirely for salaries 
and wages, in which the laborer receives 15 per cent, more than the oificials. The 
price per cubic foot of wood a,verages about 5 cents, costing 0.7 cents to cut. The 
expenditures, amounting to $1.12 per acre, or 2 cents per cubic foot, represent 40 
per cent, of the total gross income. The net income from each acre of wood land 
amounts to $1.60. This, then, represents the interest on the capital invested in the 
forest area, and, reckoning S per cent, as rate of interest, and the rotation at which 
the forest is worked in the average at ninety years, (these figures corresponding to 
German practice), the capital value of the German forests equals nearly |2,000,000,- 
000, and the wood capital, of which only the yearly accretion is used, 80,000,000,000 
cubic feet, or, reckoning the price of wood on the stump at only 2 cents per cubic 
foot, represents $1,600,000,000, and the soil not quite $400,000,000, showing the for- 
est growth to have four times the value of the soil. It is to be added that most of 
this forest stands on a soil agriculturally useless. 

To show the relation which diSerenfc parts of a European state forest management 
hold to the whole system^ the budget of the Prussian forest department for the 
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yea*? 1886-'87, with an area of 6,617,712 acres (of which 673,816 acres are not devoted . 
to wood growth), is given as f ollows : 

Income according to average of last five years: 

1. For wood $11, 876, 200 

3. Forby-products... 991,000 

3. Sundri^../.;.. ;..v.. .............. .^^^ 477,320 

. Total . . . .. . .................. . . . . . . . . .... . . ..... . ... .......... 13, 344, 520 

Expenditures: 

1. Administration salaries, &c. (83.8 per cent.) , . . .:. . . $2,487, 380 

2. Labor and material (56.7 per cent.) , ........ . . . 4,200, 525 

3. Forest scientific purposes (0.6 per cent.). . ... . . . . . . . 44, 840 

4. Miscellaneous (8.9 per cent.) . ..... ..... ...... . . ... 660, 040 

.-: i-: : ■ — — \ 7,3^,785; 



Net income . 



5,951,735 



Of tills $367,000 are expended in buying off privileges and $220,000 in buying adr 
ditional forest ground. The cut of wood amounts to 272,388,390 cubic feet, or 41 
cubic feet per acre, of which about 30 per cent, is inferior fire- wood. 

Comparative af'eas of farm, fore^ in the United States and in 

Europe* 



Areas. 



"I 



Roads, water, and 
land incapable of 
production. 



IS* 



United States. > . 

Germany....... 

Austria......... 

Switzerland . ; 
Italy............ 

France ......... 

Belgium ......... 

Netherlands;.... 

Great Britain . 
Denmark...;;.. 
Sweden......... 

Norway ..... . 

Russia.,.. ...... 

Turkey 

Greece.......... 

Spain........... 

Portugal*....... 

EurpEe.;.. 



Acres. 
1,750,000,000 



Per cent, 
17.10 



Percent. 
-28.00 



Per cent. 
45.70 



Acres. 
160,000,000 



Per cent 
9. 14 



133,421,493 
153,820,044 

10,352,099 

63,546,066 
130,616,663 
7,378,625 
8,147,710 

77,692,866 
9,441,825 
309,272,783 

78,358,007 
,336,878,607 
130,336,347 

12,386,894 
125,461,700 

22,938,974 



2,409,757,701 



60.76 
54.70 
32.00 
65. 00 
63. 35 
78.43 
59.29 
60. 55 
67.97 
30.50 
2.70 
30.00 
20.00 
16.00 
44.30 
50. 00 



25. 63' 
31.30 
18.80 
20.00 
17.70 
12.00 
5. 97 
3.23 
4.61 
*39.50 
♦30.64 
38.00 
^.00 
11.80 
16.30 
5.00 



35.95 



31.29 



9.70 

8.00 
20. 00 

7.78 
13. 50 

3. 20 
23.23 
30. 35 
17.27 
40. 87 
53.68 
27.42 
37.91 
27.50 
25. 00 
30.00 



25.79 



5,235, 519 
9,229,311 
3,993,490 
4,589,821 
7,108,713 
462,837 
937,783 
4,564,121 
958,539 
9,971,335 
10,163,387 
61,216,807 
23,569,351 
5,536,252 
18,066,459 
3,440,759 



168,044,190 



Acres. 
5.00 



6.00 
29.20 

7.22 

5. 45 

6.37 
11.51 

5.87 
10. 15 

9.13 
12.98 

4. 58 
18.09 
44.70 
14. 40 
15.00 



1.09 
2.35 
3.19 
1.48 
2.25 
1.06 
1.25 
1.38 
3.35 
2. 59 
1.17 
5.43 
1.73 
1.36 
2.33 
2.45 



97 2.79 



0.79 . 
1.33 
0.69 
0.47 
0.62 
0. 17 
0. 12 
0.07 
0.22 
0.76 
13.19 
6.89 
2.07 
1.01 
1.23 
0.25 



2.45 



* The most recent returns reduce the percentage of forest in Sweden and Norway to 24 and 25 per 

cent, respectirely. 

The figures here given, so far as they relate to other countries, are taken from 
European statistical tables, based upon the state of things existing in 1880. No such 
exact figures can be given for our own country. In the estimates and approxima- 
tions, given in round numbers, neither Alaska, the Indian Territory, or Indian res- 
ervations are included, the forest condition of these not having been ascertained. 
The forest area is taken from an estimate made by the Forestry Division in 1885. 
For the amount of farm land under cultivation, as well as for unoccupied and waste 
land, whether capable of profitable use or otherwise, reliance has been placed upon 
the census returns. The per capita estimates are made upon the basis of population 
in 1880, viz, 50,000,000. 
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FORESTRY, 



It is to 1:>e regretted ttat tlie tendency of American writers ^ on 
forestry lias l)een to conceive of it madnly as involving tree planning 
and the idea of creating new forests by artificial means while onr 
millions of natural forests were permitted to be slaiiglitered^witn 
entire disregard to tlie dictates of forestry. The application ot lorest 
maimgement to them has been entirely overlooked. 

So Httle is the natnreof forest growth understood; that Inmbermen 
and prominent owners of white-pine mills have even asserted that^t^^^ 
reproduction of white pine cannot be, or at least is not, effected by seed. 
Common sense and the experience of New England m its spontaneous 
white-pine growth should have prevented the utterance ot such state- 
ments. Vast stretches of the finest white-pine forests have been 
needlessly laid waste -and the presiimption is that the Southern pine- 
ries will be utilized with the same reckless devastation, ihe hard- 
wood forests and coppices of the farmer, which could most easily 
have been kept in an ever improving condition, h^ve been deterjOTated 
unnecessarily for lack of knowledge of the first principles of forest 

^It^^^l often popularly stated that what we most waut taknow 
is' What to plant, how to plant, aud where to plant. Buu^betore 
answerins: these questions we should first ask : For what object do we 
wish to rdant? since the method of planting and of future manage- 
ment of %e plantation, as well as the kind of timber to be selected, 
depend largely upon the answer to that question. . i 

Forestry, like agriculture, attempts by correct mana^em to pro- 
duce, wittiout exhausting the soil or favorable conditions of^ growth 
and at the smallest expense, the best possible returns. This may 
mean either the greatest amount of wood m a given tinie, as wnen 
working for fire-wood or charcoal billets, or the production ot cer- 
taan sizes in the shortest time, as when a farmer wishes to supply 
himself with posts and rails and short tool-stocky or else the produc- 
tion of the highest soil rent— financial success, for which the lumber- 
men wiE work, / ^ - ^ , ^ 
Either of these objects wiH of course blend with th^ others; yet as 
one or tbe other object is prominent, it is but natural tbat the metfi- 
ods of management, as well as the choice of timber> &c. , should vary , 
On mountain-sides and on the prairie an additional consideration, 
the indirect influence of the forest on water regulation and climate— 
shelter forest— again modifies the method of managenient* ^ ^ 

It would, theref ore, be impossible to give general advice as. to tor- 
est management applicable under all circumsfences; yet, besides the 
more or less well understood methods in the propagation of re 65, 
there are certain principles of fore^tr^/ by which Jomst j^ardvng is 
distinguished from Jree p^a^i^^mg, and which have also a general 
bearing on all methods of forest management. V 

The arboriculturist, the nurseryman, the Imdscape ^rdener, and 
the roadside planter, has for his object the individual trees, or at 
best a group of trees, in their outward appearance. Into forestry 
several considerations enter, which the arboriculturist may neglect. 
Th« forester has to do with an aggregate of trees; he must study and 
take account of the relation and the influence of one on the other m 
their individual development through a long series of years, during 
which each species shows changing habits and differences ot devel- 
opment. As he does not wish simply to grow trees, but to .produce 
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a crop^ he must consider and prepare conditions whick will favor: & 
best and quickest development of Ms crop for a ^iven purpose, 
And^ as his crop should be a x^ayiug one, he must consider the cheap- 
est and giu''est methods of preserving favorable conditions for it. 
While, therefore, mulching may be a very good thing for tree 
growth, it will prove in most eases too expensive in forestry; and 
while plowing and cultivating may be the best method for the mirsery , 
to keep out weeds and stimulate growth, for forest purposes other 
methods might be economically substituted. Again, while turfing 
under the lawn tree improves the object of the tree, viz, its beauty, 
it can only injure its object in the forest, which is wood production. 
In the limited scope of this report it will not be possible to do more 
than indicate the most important general pri 

GENERAL PRINCIPLES OF FORESTRY. 

1. A oareful and constant preservation of soil humidity and pr©^- 
vention of its undue exhaustion by surface evaporation. 

2. Such choice and arrangement of species as will aid each other 
and not impede their best or the desired development. 

3. For finaincial reasons, such methods of initial and later manage- 
ment as will reduce the expense of labor to a minimum, 

4. For continuity of the least expensive forestry system 3Ueh meth* 
pds as will reproduce the forest naturally. 

Begard to the first principle requires a constant and continuous 
protection of tlie soil against the drjing influences of sun and wind, 
it is naainly for this that close planting has been, or is to be, recom- 
mended. The war against underbrush and the notion of a clean 
grove/Vin which the trimming of " superfluous ^Vbranches and twigs 
occupies the loving care of the amateur planter, are two monstrosi^ 
ties, against which a serious protest should be made for the sake of 
successful forestry. 

On the other hand, the weeds which spring up under the partial 
shade of the tree growth cannot be counted, as some writers have 
done, desirable undergrowth. They are not ^'nurses" but ''curses'- 
of forestry. In Eussia, on the arid steppes, where the hot siin and 
dry winds favor rapid evaporation, the first step of the forester is the 
creation of an underbrush, often with a quick-growing willow (Salix 
pruinosa) which prepares favorable conditions for its betters. 

Therefore, where land is to be devoted to forestry-— and this should 
properly be such a.s cannot be utilized for agricultural purposes— the 
first object of the planter should be to cover the ground as quicklyas 
possible with a dense wood-growth, which by its shade will create its 
own conditions of vigorous growth: in^ereased and longer-available 
soil-humidity. 

In their youth most tree plants have a more or less dense foliage, 
but with increased age a tendency to thin out is manifested in dif- 
ferent degrees by different species. The condition of the soil, espe- ■ 
cialty its depth, the nature of the subsoil, moisture and drainage, and 
also climate, modify the tendency in the different species. The wal- 
nut, generally a shady tree, on thin soil soon appears with a thin 
foliage. The birches, usually among the trees needing most light, 
will endure considerable shade on a fresh, humus so 

A classification of trees according to this tendency is of importance 
for the forest planter^ ps he must keep nis ground shaded through the 
long period of forest Rowing, The shady trees which preserve their 
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^ foliage are the only oiLGs wMclist^ "be planted in forests by 

themselves. Such are the "beeches, catalpas, hornbeams, spruces, firs, 
and hemlocks^ an,d on some soils perhaps the ^white ajidjellow^ 
But the unmixed growth of larch can only result in ultimate failure, 
unless soil conditions are unusually favorable^ as the requirement of 
the larch of acool and moist soil is not aided by its thin foliage. The. 
practice of planting, unmixod, the thin-f oliaged Scotch pines in the 

■ : northern plain of Germany is Bxcusable only^ but not commendable. 

: The plantingvof ash on thin spite and of walnut or oak, without 
some' dense-f oliaged companion or underbrush, can result only in the 
: j deterioration of the soil and the consequent diminished wood produc- 
tion, as may be noticed in many groves on our prairies. Of the cot - 
-- tonwood plantations it is needless to assert that they present tho de- 
- teriorating influences of a thin and constantly thinning foliage in an 
aggravated manner; and that, but for some eonsiderations other than 

■ those of good f orestry, their widespread use ^^^o^^^ prairie, especially 
in unmixed plantations, can only be deplored. Their only recom- 
m^ but they 
are short-lived, their wood inferior/ and their effect on the soil disas- 

./ -::. trous. - - : = ■ .v-: . : ' _ \ / ^ " . ^ ^ 

Mxed planting, the should, once for all, form the rule. > The fol- 
lowing reasons for mixing or grouping f orest trees have been given, 
VIZ : The objectionable uniformity of unmixed growths^ the advantage 
of a variety of naaterial, differences in the food requirements of dif- 
ferent species, and especially the difference of tte But, 
though some of these considBrations are weighty, more cogent reasons 
are, the greater ^ ease with which the soil can be kept continually under 
cover and its humidity preserved, and the protection from injuries 
by wind, fire, fungi, and insects which is afforded in mixed growths. 
^^^^ : T soil conditions can be accomplished 

in unmixed growths only by planting those species which preserve a 
dense foliage and enrich the soil by an abundant leaf-mold ; but there 
: are oidy a few such species. V - - ; 
: ; Admissible in pure growths only^ 

like Scotch pine, under which a nibss cover generally com for 
; the missing shade. As soon as grass appears, towever, the deteriora- 
tion of the soil has begun, and requires the correcting interference of 
the forester. On deep and naturally moist soils of course the same 
means for the preservation of soil humidity may not be necessary, and 
y : ^ less.shady kinds, especially for short rotations, may be planted by 
: themselves; for, as stated before, in their youth all trees have a rather 
dense foliage. The preference, however, must in all cases be given to . 
a mixed growth. The advantages of mixed growths have been more 
fully described, in my report on Western Tree Planting. ^ 

The mixture may be started simultaneously, or other species may 
be introduced later into the originally pure plantation; it may be with 
plants of the same age or of different age and size, as, for instance, by 
: sowing under the planted rows. It may be a temporary or constant 
mixture, accordingly as we remove one kind earlier than the other 
or let all grow oh, \ 

The advantages of mixtures have now and then been pointed out 
before by writers on forestry in this country, as well as the= reasons 
: :. > f^^^ close planting, but neither the true and most important rationale 
: _ for such practice has been presented, nor, what is still more to be re- 
gretted for practical application, has the rationale of a correct mixt- 
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Tire been given; the advice baving mostly been simply to mix, the 
more the better. The variety of possible mixtures, with our rich forest 
flora, enlarged by a few desirable foreign trees, is almost endless, bnt; 
as outlined above, only^ a limited number will satisf y the requirements 
of good forestry. With these requirements in view, after we have 
determined what kinds are desirable and suitable to be planted in a 
given locality, the possibility of mixing two or more kinds depends — 

(a) On their relative capacity for preserving or increasing favora- 
ble soil conditions; 

(6) On their relative dependence fcr development on light or 
shade; and 

(e) On their relative rate of height gTO 

The^densely foliaged and evergreeh trees are best adapted to keep 
the soil in proper condition. The first named are also capable of sus- 
taining a considerable amount of shade without being appreciably 
impeded in their development, while those with a thin foliage are 
easily shaded out, often even by the moderate cover of their own kind, 
thoughdifferencesof soil, climate, &c., modify this susceptibility. It is 
their relative dependence on ligb t, together with their relative rapid- 
ity of height growth, which are most important for the determina- 
tion of the kinds most suitable for mixtures. It is this difference 
of requirement and development which accounts for the variety of 
vegetation in a natural, especially a deciduous, forest, and for the 
alternation of species so often observed in this country, when man, by 
clearing, -has altered the conditions of growth. The light-seeded, 
quick-growing, light-nooding aspens, and birches are the 

quickest to occupy the ground^ untir the shade-enduring and slower- 
growing kinds have patiently struggled upwards, when they in their 
turn crowa out the first occupants. 

The careful observations and measurements which are necessary 
for a more satisfactory discussion of specific mixtures, and to which 
mixtures our own forest flora is best adapted, have not been made, and 
even notes from which deductions are possible are scarce, because 
these relations of tree growth have seemingly never been pointed out 
or understood in this country. 

We can at present, ifcherefore, give only the general rules for mix- 
ing which may be deduced from the foregoing remarks. 

Itule l.—Tlne dominant species, i. a, the one that occupies the 
g:reater part of the ground, must be one that improves th^ soil condi- 
tions, generally a shady kind. 

Bute 2.— Shade-enduring densely foliaged) kinds may be 

mixed together when the slower-growing kinds can be protected or 
guarded against the overshading of the more rapid grower, either by 
planting the slower grower first or in greater numbers or in larger 
specimens, or else by cutting back the quicker-growing ones. 

3.— Shade-enduring kinds may be mixed with light-needing 
kinds when the latter are either quicker growing or are planted in 
advance of the former or in larger specimens. 

: Rule C—Thin-foliaged kinds should not be planted in mixtures by 
themselves, except on very favorable soils, as in river bottoms, marshy 
soil, &c., where no exhaustion of soil humidity need be feared, or else 
on very meager, dry soils, where most shady trees would refuse to 
grow and one must make a virtue of necessity. 

iJwte 5.— The mixing in of the light-f oliaged trees in single indi- 
viduals is preferable;|:|9,placing them together in groups, unless special 
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soil conditions make tlie ocetipation of certain spots by one kind 
wliicli may be better adapted to them, more desirable, as, for instance, 
the asb in a wet ground (slougb), When a; slower-growing, light- 
needing kind is to be grown side by side with a qnicker-growing shady 
one-— -as, for instance, oak and catalpa—a group of oaks will have 
more chance to withstand the shade of the densely foliaged catalpa 
thanvthe single indiTid^ai.'^^^^^ ^ ' 

WHAT TO PLANT. 

The first difficulty which besets the forester in this country is the 
question, Which, in the immense forest flora, are the trees that for ar- 
tificial forcBtry are the most acceptable, the most promising ? For, 
while natiire in her lavish bounty has given us an almost endless 
variety of arborescent plants, and while we know how to put them to 
use when, found, it is evident that,- as natural resources are being ex- 
hausted: and it becomes necessary to provide for otir needs by artificial 
planting and by managing to produce on t-he smallest area the great- 
est amouiit of the best material, we shall have to be careful iii the 
selection of the material as well as in the method of its management, 
ffor the settlement of this question we are remarkably destitute of 
reliable data, and while we may now plant some of the kinds which we 
know are adapted to special localities and are useful for certain pur- 
poses, yet for extensive planting it is well to confine ourselves to the 
few varieties which are best known until a closer study has been 
made of the capabilities .o:r the rest. ^ This is especially advisable 
with foreign specsies, or those not indigenous to the given locality/ 
Ah exceptidh might be made of European species only, a:s the ex- 
tended experience in their cultivation abroad may serve as a guide 
here. We must, however, take care not to overlook the fact that, cli- 
m ati 0 eonditions being diff erent, differences of behavior are to be ex- 
pected and, if possible, to be provided for. As an illustration of the 
mistakes whicli may be made in this respect, I may refer to the un- : 
qualified recommendations to plant the European larch anywhere and 

'^'^SoTne of the aboye principles having been point^^ out to Prof * W. J. Beal, of 
Lansing% Miob. , be has made some notes on the relation of undergrowth to the de- 
velopment of different forest trees, and the capability of the -latter for holding their 
loaves, i: e., thriving under shade. These observations, pubhshed in a bulletin, _ 
have reference to conditions of a very limited locaHty,h owe ver, and may not ^there- 
fore, be generalized upon. He found under these conditions that black walnut, but- 
ternut, and white ash do not preserve dense crowns when grown in the forest. -He 
ftirther cites beech, sugar-maple, dogwood, hazel, blue beech and choke cherry, as 
shade enduring, and adds poplars, white oak, and swamp oak (these are generally 
light needing); white pine, arbor vitae, red cedar, Norway spruce, of evergreens, , 
and black cherry, American elm, butternut, low wiUowis (unusualO, cataipas, birches 
(exceptional!), and box-elders. As the degree of shade under whi<!h these thrive is 
not nidicated by a statement of the conditions under which they are found, besides 
relating only to the first period of life, this list is of little use. The oak, it is true, . 
will live under shade, hut for its development requires a great deal of light, and 
must, with few exceptions, be counted among the light-needing, thin-foliaged trees. 

He also cites the weeds found to thrive in shade (what degree of ?) : common milk- 
weeds, desmodium, celandine, wild asters, golden rods, to w^hich add black cap 
raspberries, and gmpe-vines. June grass and some other grasses make their appear- 
ance late in autumn and early in spring, when deciduous trees are without leaves. 

After cultivation ceases, shepherd's purse, annual poa, pigweeds, purslane, and 
other annuals appear. These weeds cannot exactly, as it is stated, be welcomed in 
the forest, but their appearance or disappearance furnishes the forester an indication 
of tlie condit-ion of liis plantation in regard to cover, and gives Mm warning that 
his correcting hand is needed. 
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every wliere and in pure growths^ ■when it has "been long a well-estab- 
lisied f aet that this larch, a inottntain tree from the highest and coolest 
elevations (3,QO0 to 5,000 f eet np to the liniit of tree growth), when 
transplanted into the plain cannot be expected to be grown snccess- 
fnlly to a mature age unless the conditions of its home are to some 
extent proyided. To do this it will be necessary to assign to it the 
coolest exposures, to plant it only in single individuals through the 
forest, ana to take particular care to shade its foot well with dense 
under-growth or densely foliaged companions, while its crown is kept 
in full enjoyment of the needed supply If treated in this 

manner no more desirable and profitable exotic could be suggested. 
Its requirements for moisture being great, and at the same time its 
foliage being thin, it cannot, in spite of its rich leaf -mold, preserye 
the soil humidity under its deficieJiLt shade, and requires, therefore/ 
the assistanceof a neighbor better qualified to preserve favorable eon- 
ditions. None better could be suggested than the densely foliaged, 
not quite as rapidly growing, Norway spruce, which will thrive well 
under the partial shade of the earlier-grown larch, and these in com- 
bined strength will prosper for many decades, making excellent 
lumber in a short time, enriching the soil for coming generations, 
and defying all objections to their foreign ancestry. 

HINTS AS TO PliANTIl^a. 

Concise rules as to the manner of planting cannot be given here, 
this being too much dependent on local conditions. The following 
considerationg, however, may well be kept in view everywhere: . 

1/ Planting inr most cas^ should have preference to sowing. Sowing is usually 
cheaper in its first cost and more quickly done over large areas, and furnishes fuller 
stands without increased expense. But planting is surer, because the young plants 
can he protected in the nursery against harmful mfluences which beset them in their 
first years; and thus, in the end, plaiiting may even prove cheaper than Bowing, espec- 
ially when seeds are expensive. ... - 

2. For forestry purposes use seedlings (one to three years old); young plants suffer 
least from removal; they are, therefore, surer to succeed; they are als6 more cheaply 
handled. Older plants (from 2 to 10 feet high) may be used where trees have failed, 
or hi frost-holes," or for standards in the standard copp^^ 

3. Transplanting can he done, with care, all the year round, but best in fall or spring. 
In favor of fall planting it is urged that the young plants regenerate their injured root- 
lets during the winter, and that the earth packs more closely around the roots; 
against it is the danger from winter cold and greater expense in the work on account 
of shorter days. Spring planting, especially on dry soils, should proceed early and 
be finished several wefeks before leafing out, except in the case^of most conifers 
which win transplant well even after budding (except the Larch). Heeling in plants 
in the. fall f aciUtates plantmg in sprmg,^ The best time to plant is on rainy or cloudy 
days and in the afternoon. * „ \ . ^ . . . / , 

4. Commonly a distance between the plants of 3 to 5 feet is recommended; the 
smallest distance for slow growers, winch" do not close their crown^^ shade the 
soil soon; the v/idest for quick-giwing, light-needing kmds, 

5. Preparation of soil depends on soil conditions. A thorough cultivation on the 
prairies is desirable, but not decidedly necessary in ihe Eastern States. Place the 
plants as deep as they were in the nursery, if anything a little deeper on dry sods. 

6. Be chary in trimming; only trim off smoothly any injured roots and the top to 
correspond. - - \ 

Never expose roots of trees to the wind or sun more than necessary, but keep them 
under wet moss or in a wet loam puddle during the operation of planting; this is 
especiallY a necessity for conifers. ' , _ . ^ . 

Press thesoil firmly around the roots after these have been placed m a natural 
position. Mulching, if it can be done, is better than 

7. The number of trees to be planted per acreis determined (a) by the need of pre- 
servmg the soil huiniditv:-on a poor, dry soil, therefore, (contTary to agricultural 
usage), more plants are required than on a fresh or moist soil, unless to check the 
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weed growth, on the latter, (&) by regard to the quality of the wood: dense growtli 
favors the development of long, straight, clean, cylindrical shafts, (c) by regard to 
amount of wood production: in an open growth the predominant trunks attain 
greater dimensions, but the total amount of wood per acre is considerably dimin- 
ished, (i?) by regard to detrimental influenoes: in a v^y dense growth weak plants 
result, which are more hable to be injured by wind, snow, and even insects, while 
in a wide planting the growth of grass and weeds deteriorates the soil for wood pro- 
duction. ; / 

8. Plant mainly such trees as are indigenous to the climate in which you plant, 
regard being had to their adaptation to soil conditions, it is not_ the chemical con- 
stitution of the soil, but its physical preperties, and especially its depth, looseness, - 
and degree of moisture, which are chiefly to be considered. 

9, Always mix or group different kindsrfcogether, except perhaps in the case of the 
shady conifers and, perhaps; the slia^i^st b^^oa^^^ 

SPECIALLY VALUABLE TEEES. 

An attempt has been made to reduce the number of- arborescent spe- 
cies from the 412 constituting tbe flora of the United States, as given 
in the Census Report by Professor Sargent, to those which are likely 
to maintain their position as valuable forest trees; that is to say, those 
which may, according to our present knowledge, demand the attention 
of the forester. : Such notes - of _ interest to the forest planter as were 
available have been added. 

This list, is only preliminary, and may have to be considerably modified and en- 
larged, I need only refer to the addition of CatoZpa specfosa to our list of desirable 
forest trees, which, formerly almost overlooked, was -fi'ansf erred from obscurity to 
a place among the first order by the late Dr. Warder. Many trees, though at pres- 
ent and in particular localities foqrniing almost the only supi)ly of timber ,"have been 
left out on account of their doubtful value as objects of artificial forestry. I men- 
tion the mesquit of the Southwestern Territories, The valuable hard-woods of semi- 
tropical Florida have been entirely omitted, ^nd perhaps some of the conifers of the 
Pacific slope might have been rightly included in the list. The ojjject of the list 
being simply to acquaint the practical man with a select number 'of the more im- 

Eortant species which seem to be of value for future forestry, any omissions may 
&- remedied hereafter. The grouping has not been made on botanical grounds, but 
rather from practical points of view. In the names of the trees the nonpareil boid- 
faeed type denotes that the tree is considered of first importance; the nonpareil title 
condensed denotes trees in value above those printed in nonpareil roman capitals. 

In the namiiig, the common name has been placed first, somewhat under protest, 
because the confusion in common names is even worse than in botanical.; The first 
name chosen, because most expressive or most commonly used, will be employed 
by this Division hereafter to denote the species, in the hope that thus gradually the 
road to a^-eater uniformity of coromon nomenclatui'e may be opened. The botanical 
nomenclature is that used by Professor Sargent in the census work of 1880, from 
which also the columns in regard to distribution, size, quality, and uses of wood are 
mostly made up, but in some cases conflicting opinions of authorities have led to state- 
ments difiering from those expressed in the census volume. The distribution has 
been given only in general terms, which for practical purposes may suffice to indi- 
cate what climatic conditions seem favorable to the development of the species. The 
sizes given are either those to which under ordinary circumstances the species often 
develop, or else the largest as reported in the census volume or elsewhere, the addi- 
tion inarls (-f-) denoting that larger sizes have been observed. Heavy print or italics 
call special attention to the most important qualities. , 

Por the column of remarks the standard authorities, often diverging in their 
views Or opinions, have been consulted and personal observations added. This 
column must naturally be largely tentative, for lack of sufficient special knowledge 
on the^ subject. -Re<^uirements of soil have been mostly deduced from the natural 
conditions in which the species is found. This, however, does not always indicate 
the preference, but only the capabiMty of the species, as, for instance, in the case of 
the Bald Cypress. Shade-enduring and hght-needing are terms which refer chiefly 
to the capacity of the species for thriving when subjected to the influence of the 
shade of other trees in their vicinity. This capacity, as stated before, is a relative 
one and changeable according to site. The indication here given must be under- 
stood only as expressing the general tendency, which may be modified under par- 
ticular conditions. 



Preliminary list of the ninety most important timber trees of the United States. 




and their soil-iniproving qualities; few capable of reproduction by sprouting from the stocks, or practically from cuttings; mostly 
l-eriodioal seeders; persistent growers. Distribution of species climatically confined. 




indigenous to the L nited States. 

NoiiTiiERN Pines. 



Name and ^ze. 



1. While Pine 

(WEYMOUTn riWIE.) 

{Pinus strobus, Linn.) 

Height, 150 feet; 
dianielt'r, 4 feet +. 



2. Red l*me , 

(Norway Pine.) 

{Pinus resinosay Ait.) 

Height, 70 fe3t + ; 
diameter, 2 feet +. 



t. PITCH PINE 

{Pioins rigida, Miller.) 

Height. 40 feet + ; 
diameter, 2 feet +. 



Distribution. 



Northeastern; wide range, forai- 
ing forests. 

Best development in region of 
the Gi-eat Lakes. 



Northern: associated rr.cstly with 
White Flue. 

Greatest devtilopmeiit in j>Iichi- 
gan. 



Northeastern coast. 



.Quality and uses of wood. 



Ligh^ soft, not strong, nor durable in con- 
tact with the soil; free from resin a^d 
easily worked. 

Immense quantities used for lumber of dif- 
ferent kinds, cabinet-work, timber, shin- 
gles, laths, and inferior fuel. 



Light, harder and fitrongcr than that of 
Af^^iite Pine; elastic, va-y durable^ very 



Used chiefly for lumber, timber, and piles; 
in the trade, handled together with White 
Pine. 



Light, brittle, harder and stronger than 
that of White Pine. 

Employed diiefly for fuel and charcoal, but 
occasionally for inferior lumber. 



Remarks. 



Best on light, sandy, fresh, deep soils, but successful on a 
large range of soils from dry to moist. Rapid grower; 
does not endure much shade; hardy, but little tolerant 
of drouth. 

The most important conifer of the United States; good 
quahty, hov/ever, only in centenarians. Is best nnxed 
with deciduous trees; of slow germination; plant one 
or two-year-cld transplanted seedlhigs. 

Soils lilce those of White Pine; adapted to many soils, nut 
best qutility of timber pi'oduced in vrell-di-ained eaiids. 
Extremely hardy; vigorous and rapid grower. 

Should be favored in northern and northeastern planting 
with White Pine and deciduous trees. 

So far, seed very expensive and difficult to obtain. 

I>e>st on fresh to moist sand, but wiU succeed on dry, bar- 
ren, sandy soil, and even on wetj cold, sTrampy ground, 
or sea-coasts liable to floods. 

A rapid grower, and when young, hardy and indifferent to 
drought; light-naedirg; an early seeder; sprouts from 
the stump; not easily transplanted; best and e(m7y prop- 
agated f i-om seed. 

Becommended mainly for sect-coast planting:. 



Preliminary list of the ninety most important timber trees of the United States — Continued. 



Name and size. 


Distribution. 

. d 


Quality and uses of wood. 


Heina>rks. 


4. GRAY PINE 

(Scrub Pine. Princk's Pine.) 

(Pinus BanksiaiiatLAinbert.) 

Height, 30 feet +; 
diameter, 2,feet +. 


Northeastern (in Uiiijbed States), 
f ormiQg forests'f ar north. 

Greatest development north of 
Lake Superior. 


Employed chiefly for fuel and ties. 


More common on sandy, barren soil than in rich loams. 

Valuable only as first cover for northern pine- barrens. 
IJapid grower in its yonth, and easily handled; very 
hardy, enduring heat and coid well. 


Southern Pines. 


(Southern Pine. Yellow 
Pine. Georgia Pine. Hard 
Pine.) 

(.PirnLs paliistris^ Miller.) 

Height, 90 feet + ; 
diameter, 4 feet +. 

(Bull Pine. Yellow Pine. 

Spruce Pine.) 

(Pinus mitiSy Michx.) 

Height, 90 feet + ; 
diameter, 4 feet +. 

(Slash Pine. Swamp Pink. 
Bastard Pine.) 

^ {Pinus Ou5ensi5,Gi'isebach.) 

Height, 75 feet + ; 
diameter, 2 feet +. 


South Atlantic and Gulf coasts. . . 

Eastern and Southern States; 
associated mostly with hard- 
wood trees. 

Best development in Western 
Louisiana, Southern Arkan-sas, 
and Eastern Texas. 

Southern and southeastern coast; 
local in swamps and near water 
courses. 

Best development in Eastern 
Florida. 


Heavy, hard, tough, and very strong; very 
durcible, very resinoiis. 

Cliiefly for luniJher; ship-building, fencing, 
ties ; good fuel. 

The tur^pentine, tar, pitch, and spirits of 

^11 v*T\ork'i"ii'i A i^f TTnii"**^ MtA^AG TniiT*lr**^ tiAm 

rived almost entu-ely from this tree. 

Used chiefly for lumber. Very much Uke 
that of Long-leaved Pine, to which it is 
hardly inferior, but yielding no resinous 
pix>ducts. 

Heavy, exceedingly hard, very strong^tough^ 
and durable. 

Hardly inferior to that of Pinus pcUusiris, 
with which it ranks in Florida. 

Employed for light construction; yields 
httle resinous matter. 


Well-drained, loose, deep sandy loam or gravel. 

The slow growth of first five years (quasi-endogenous) 
makes its forestiy problematic; development dependent 
on atmospheric moisture; least shade-enduring of pines. 

Rare but plentiful .seeder; germinates freely; can there- 

Most valuable pine of the South, but for good quality re- 
quires long period of growth (two hundred years?). 

More common on hght sandy soil than on low borders of 
swamps. 

A rather slow grower; will succeed on the poorest soil. 
Easily reproduced ; good seeder; Ught-needmg. 

All points taken together, probably, with the folloining 
species, the pine of future Southern forestry. 

Light sandy soil; somewhat indifferent to drainage. 

Bapid grower; easily reproduced; matures seed yearly; 
superseding the Long-leaved Pine; light-needing. 



8. low lly Pine 

(Old-FISLD PlNi;.; 

iPinus tceda, linn.) 

Height, 100 feet + ; 
diameter, 3 feet +. 

9. SPRUCE PINU 



(Old- FIELD Pine of Florida. 
Cedar Pine. Wiiitk Pine. ) 

{Pinus glabra,, Walter.) 

Height, 80 feet + ; 
diameter, 3 feet +. 



Southeastern 

Greatest development in Eastern 
Gulf States. 



Southeastern 

Best development in Alabama 
and Miitsissippi. 



light, brittle, not strong nor durable when 
exposed to the weather. 

Used principally for fuel, and lumber of an 
inferior quahty; yields resinous jjroducts 
abundantly. 



Light, soft, easily ivorTced, brittle, not 
strong nor durable; resembles that of 
Pinus tceda; not resinous. 

Employed chiefly for inside work. 



Low, moist, or dry sandy soils and abandoned fields. 
Adapted to a wide range of sites. 

Rapid grower, light-needing; persistent, and plentiful 
seeder. A useful concomitant of Southern forestiy. 



Grows on better and moister soils than Pinus taeda; Lob- 
lolly Pine hummocks and rich bottom-lands. 

The most rapid-growing pine; shade- enduring. 



Western Pines. (Of the many species the true Talue for forestiy is still unkno^^-n.) 



10. Bull IPine . 



(Yellow Pine. Heavy- 
wooded Pine.) 

(Pinus 2:)onderosay Douglas.) 

Height, 300 feet H-; 
diameter, 12 feet +. 



11. Elack Pine 

(Bull Pine.) 

{Pinus Jeifreyi, Murray.) 

Height, 100 feet -f- ; 
diameter, 4 feet -f . 

12. FOX-TAJL PINE 



(Hic::oHY Pine.) 

{Pinus Balfouriana, Mur- 
ray.) 

Hoi;?ht, 50 feet; 
diameter, 5 feet. 



Rocky Mountains to the Pacific, 
up to high elevations; forming 
forests. 

Best developed on western slope 
of Sierras of Northern and Cen- 
tral California. 



California; eastern slopes of 
Sierra Nevada above 6,(50O feet. 



Local— Cahfornia; above 5,000 
feet. 



Light, brittle, strong; not durable 

Employed larp:ely for lumber, mining-tim- 
ber, ties, and fuel. 



Light, hard, strong 

Chiefly for coarse lumber. 



Light, soft, brittle, weak; according to 
others, hard, tough, very durable. 



Dry, rocky ridges and prairies, sometimes in swamps; but 
best in deep loamy sand. 

Vigorous, rapid grower; very hardy, except when quite 
yoimg. 

WeU adapted to diy, windy, exposed places: therefore 
worthy of trial on Western prairies. 

The pine for reforesting: soutberTi exposure of the Western 
momitain regions. 

Replacing the former species; only for reforestation of 
the highest mountain slopes. 

Suffers from drought.. 



Dry gravelly slopes of high elevations. 

Important for reforestation of southern exposures In 
Rocky Mountains, Pacific slope. 



M 

< 
M 
OD 
M 
O 

c 

o 

H 



CD 



Preliminary list of the ninety most important timber trees of the United States— Continued. 



Name and size. 


Dktribution. 


Quality and uses of wood. 


Remarlcs, 


13. (Var. APJSTATA, Engelm). . . . 

Height, 100 feet; 
diaiiieter, 8 feet. 

14. SUGAR PINE 

(Pinus La^nheriiana, Dousr- 
las.) ^ 

Iloight, 150 feat +; 
diameter, 10 feet +. 

{Pinus insignis, Douglas.) 

Height, 80 feet +; 
diameter, 8 feet +. 


Local— Rocky Mountains and 
Southoaetern California: above 
7,500 feet. 

Western Pacific slope 

Best development in Sierras of 
Central and Northern Ciilifor- 
nia above 4,000 feet; lower in 
Oregon. 

Loca- 

CfJlfomia coast south of San 
Francisco. 


In Nevada employed for mining-timber. 

Very light; soft, coarse, easily woi-ked 

Lumber for mterior finish, cooperage, and 
woodenv/are; resembles that of AVhite 
Pine. 

Seeds l^rge and edible. 

Lis^t? soft, brittle, not strong; according 
to others, tough and of good repute. 


Dry gravelly ridges; othei-wise as above. 

Very rapid grower. 
Quite hardy in the East. 

Light woU'drained soils, and on di'if ting sands. 
Easily propagated; rapid grower. 


ci*. J+1;^,.^?*^^^^-5®'T^®^ ^ importance to the Pines, tliough wood is less resinous, weaker, and not as durable. Of northern or mountain habitat in cool 
naSves^ctS? ' ^^^^^'^^^^^^^^r, and mostly rapid and persistent sTovvers. The Norway Spruce of Em-ope appears, so f ar, L^rio^^^^^^^ 

Q.^£^:"^"^*^^fr-*****;u"~^®^^?v sharp-pointed, four-cornered; bristhng mostly all aroimd the twigs. Cones lonff. hanfrine with thin nersistent ^oalf^a 
Seeds resembhng those of the pmes but usually smaUer, more uniform in color%nd angular; matra-e the^fii-st year. an§ Si^ve Sower of\£Sm^^^ 
Mostly periodical, but abundant seeders. Crown pyramidal. About twelve species, of which five are indi^-enous ^ germmation well. 


Name and size. 


Distribution. 


Quality and uses of w^ood. 


Remarks. 


16. BiRCk Spruce 


Maudy Northeastern; forming 
forests. 

Best development north of lati- 
tude 55°. 


Light, soft, strong 


Light, dry, stony soils; much smaller in cold wet swamps. 
Best timber produced on southern exposures. 
Endures less shade than Norway Spruce; rapid grower. 


(Red SpaDCK.) 

{Picea nigra, link.) 

Height, 60 feet; 
diameter, 2 feet +. 


Used larg-ely for lumber, ship-building, 
posts, piles, j3oles, ties; tougher, stronger, 
more daraole, and elastic than that of 
White Pine, for which it is substituted in 
floors, rafters, and other building timber: 
not good fuel. , 



, (V/hite Sphu'ce.) 

(Picea Engeimanni^E^ngehn.) 

Keiglifc, 100 feet + ; 
diameter, 3 feet +. 

■18. BUM Spriicc- — 

(Tide-land SPRrcs.) 
iPiced Sitchensis, GarriSi-e.) 

HeigM^ 350 feet -f- ; 

diameter, 6 feet -{-. 



Western mountain regicns and 
iiort]iward; liig^ii elevation. 

Best development in central 
Rocky Mountain region, be- 
tween 9,000 and lOXm feet. 



Alaska and Nortliw^stern coast j: 
low elevations. 



Yery light, soft, not strong: ...,..>. ... . . . . . 

Used cilii6fly for lumber ; bark used in tan- 



Light, soft, not strong (according to others 
sti oiigj; superior to tiiat of otner native 

species: 

Used ciiieHy as luitiber for construction, 
iiiterior Iroisb, fencing, boat-building, 
cooperage, woodenware. 



Dry, gravelly, slopes, 5,000 to 11,500 feet. 

A tree for reforestation of tbe highest inountain slopes. 



Moist soil and climate, at least a nioibt subsoil, shady situa- 
tions. g^-pt^'er*. 

Readily propagated from cuttings. 

Probably hardy in Northeastern and Middle States, In 
shiaded positions. 



fll. FSKS.— Important to forestry mfiinly on a ccomit of their grea.t shade endurance. Of northern and mountain distribution; still more dependent 
on moistiu'e of climate, and cool, or at least evenly-tampered situations thaii the spruces, aiid in their youth mostly less hai'dy; usually slow, biit persistent 
growei"^. Some exotics seem to be of more value than the native species (^46ies J\^^ 

Characteristics— Ijeaves shiglQ, flat, rather blunt, azTaiigcd some-.vhat comb-like on' thO: twigs.; ' ■ Cones ' cylindrical, standing erect on the branches; scales 
thin, and falling away v/hen matm^;. seeds triangular, partly inclosed by a more or less persistent wing; mature first year, but do not preserve their power of 
germination well. Frequent and abundant senders. Crovvm conical. About eighteen species, of which eight are indigenous. 



Name and size. * 



Distribution. 



Quality and uses of wood. 



Eemari-is, 



19. WHITE FIB. 



(BAiSAi\rFiR. Eiuicij: Balsam.) 

(jlbt'es coKcotoT^, Lindl. and 
Gordon.) 

Height, 100 feet +; 
diameter, 4 feet -f. 



.30. BAIiSASI FIE 

(Balm of Gilead Fir,) 

(Abies baUamea, Miller.) 

Height, TO feet -f; 
diameter, 2 feet. 

2 1. Great Silver Fir. 

(White Fie.) 

{Abies grandis^ Lindl.) 

Keigbt, 300 feet; 
dianietbi'; 5 feet +, 



Southvrestern raoitntainS and Fa- 
cific slope; high elevations. 

Best development in Sierras of 
California. 



Northeastern . 



Northwestern coast , 

Best development in Western 
W ashington and Oregon. 



Very light, soft, not strong 

Occaijionally manufacturecT ieto lumber, 
butter-tubs, and used for other domestic 
purposes. 



Very light, soft; not strong nor durable in 
contact with the soil. 



ajoist slopes and feanons, between 3,000 and 9,000 feet; 
cool and shady situations. 



Cold, damp woods and swamps 

Rapid grower. Valuable only as imdergrov.'th, or as nurse^ 
and in imperfectly drained situations. 



light, soft, not strong. , 

For lumber, cooperage, etc. ; with Douglas 
Spruce forniiiig the bulk of Pacific coast 
lumber. 



i-lands; rich moist soil . 



Very hardy and rppid grower; affected ie^?s by late frosts 
and occasional di'oughts than most firB. 

Probably commendable for planting in Eastern and Middle 
States. 



Preliminary list of the ninety most important timber trees of the United States — Continued. 



Name and size. 


Distribution. 


Quality and uses of wood. 


Remarks. 


22. RED Fm 

(Noble Silver Fir.) 

{Abies nobiliSj lindL) 

Height, 300 feet +; 
diameter, 9 feet +. 

23. LOVELY Sn.VEil FIR 

{Abies aniabilis, Forbes.) 

Height, 100 feet + ; 
diameter, 4 feet. 
According to othei*s, 250 feet high 
and 5 feet in diameter. 


Northwestern coast; wide range; 
forms extensive forests. 

Best develoioment in coast ranges 
from Columbia l^ver to North- 
ern California. 

Northwestern United States 

Best development on moimtains 
south of Columbia River; 3,000 
to 4,000 feet. 




Probably hardy east of the Rocky Mountains, with proper 
protection. 

Gravelly soils. 

Will probably prove hardy in Eastern States. 



IV. BASTARO SPRUCKS.— Under this name may be groui>ed the Hemlocks and Douglas Spruce, formerly classed with the spruces and firs 
proper. Mostly of northern distribution, and therefore best adapted to cool moist ,xCiiatious; endm-ing rartial shade. Some very rapid growers. 

Characteristics.— LesLYes single, flat, linear, with distinct stalks (petioles), sora what comb-Uke in their arrangement on the twiss. Cones usually small, 
with thin scales, hanging from tke ends of the brancheig. Seeds, partly inclosed ic a persistent wing, resemble those of the flrs, but of smaller size; mature the 
fii-st year, do not keep wSl; low iwjrcentage of germination. Branches pendant; cro .vn spindle-like in form. Two genera, comprising seven species, five of which 
are tndigenious. 



Name and size. 


Distribution. 


Quahly and uses of wood. 


Remarks. 


(Red Fir. Yellow Fir. Or- 
egon Pine.) 

{Pseudotsuga Douglasiij 
Carridre.) 

Height, 300 feet -{■ ; 
diametec. 10 feet 


w^ range; fbnmng forer ts. ' 

Best development in Western Or- 
egon and Washington. 


Rather heavy, hard, strong, durable 

U«d chl* 'y fci' lumbir, ties', piles, and fuel ; 
balk eiuployed in lan ling. 


Accommodates itself to many oils, but prefers a deep and 
moist cool and wel' dra'r>Aci i ne; succeeds well on a dry, 
slaty soil, and on sand aunes and exposed situations. 

Surpasses almost all of the c iifer;5 in the rapidity of its 
gro^vth, and endures drought better than most of them; 
shade-enduring. 

One of the largest and most in portant forest trees of th© 
West. For Eastern planting seed should be procured from 
Colorado or Montana. Repairs damage very readily. 



Heig-ht, 100 feet; 
diameter, 4 feet +, 



26. , Western IIeEaal«>cl£'''v 

(Tsiiga Mertensiana^ Carii- 



Height, 180 feet +; 
cliameter, 9 feet 4-. 



NortHem and Eastern States, 
forming forests. 

Best development probably in 
Canada. 



Nortliwestem. between 1.000 and 

4,000 feet. 

Best development in Western Ore- 
gon and WasMngton. 



Light, soft, rather strong', Hot durable; 
coarse-grrained, and peculiar for holding 
nails TV'ell. 

Usually manufactured into coajrse lumber; 
used also for ties, construction, etc. Th« 
, tan-baric of this species is the principal 
one used in Northern States. 

Rather heavj^, hard, npt.strong . . .... * 

Emploj^ed somewhat for coarse lumber. , 

The bark supplies ari important demand for 
tan-bark on the northwest coast. 



Light, alluvial loam, well-drained, but cool and moist situ- 
■ations. ■ ' • : 

Slow grower when young, but tolerably rapid after four or 
five years; does not endure much shade. 

Natural propagation in its present areas most urgently 
, needed. 

A substitute for th^ above species on the Pacific coast. 
An exceedingly rapid grower, even on poor soils. 



¥, 3>Sefil»U®U?!««1.15 AT®I> COiViri^SlISS,— Though botanically not classed together, yet in forestry they may he considered alKed as the vearlv 
fall of lefives is a soii-improviiig feature, while the absence of foliage during the winter and early spring distinguishes them from the evero-reens "and their 
extrerria need of light requires similar forest management. The Larches are of Northern or mountain habitaf, and the Bald Cypress of Ioct,! SoVithern di<=! 
tributlGix, but all are ada.pted to different situations., The European Larch probably surpasses the Northeastern Tamarack in every respect 

Ckai'acteristics.—'Larch.Qs: Leaves in clusters^ slender and soft. Cones small, egg-shaned, with , thin scales ; seeds small, trianpular nut-iike in shaTy-'- i^i^^tin-P 
the first year. Frequent and prohfic seeders; seeds keep w^eH, but of low percent£).ge of g^^ , ' ~ ' ' ^ ' ^r^^*^"-^ 

In tl36 Bald Cypress, leaves single, sharp-pointed, very sixiaii and scaiiiy, comb-iikein arrangement on the young twigs. Clones ball-iike with thick woodv 
scales, fallmg apart- wnen matiue; Seeds uTegmarly triangular-shaped, with hard, thick, wood-hk© shell; matiu-e yeai-iy; abundant, and keep'well ' ' 



Name and size. 



(Taxodiumdisfichum^Rich..) 

Height, 150 fe6t; 
diameter, 12 feet. 

Taisiaraclt ' 



(Blaos LafvCH. Hackmatack.) 

(Larix Americana^ Michx.) 

Height, 100 feet; 
diameter, 2 feet +. . 

Westcra arc&i .... 

(Tamarack.) 

{Larix Gccidentalis, Kutt.) 
Height, lOO feet +; 
diameter, 4 feet + . 



Distribution. 



Southeastern, forming forests in 
swamps ajid piae-barreii ponds. 



N ortheastem (in Unite d States) . 

Best d e velopment, probably north, 
of the "United States boiindary. 



Northwestern ; elevations between 
2,500 and 5,000 feet. 

Best development in valley of 
Flathead River, Montana. 



Quality and uses of wood. 



Light, soft, not BiroBg; venj durable in 
... contact with the soil. , 

Fsed largely in manufacture of lumber, 
shingles, for ties, posts, cooperage. 

Heavj^, hai'd. very strong; durable in Con- 
tact with the iXtii. 

Emplo3^ed largely for upper knees of ves- 
sels, ship-tinibers, posts, ties, telegraph- 
poles, and oc^sionally for lumber. 



Heav3% very hard, strong; durable in con- 
tact with the soil. , 

Chiefiy for posts, ties, fuel, and occasion- 
ally for lumber. 



Remarljs. 



Indilferent to imperfect di-ainage and flooding, but capa- 
ble of rapid growth on v/ell-drained, moist, shandy soils 
^ and hardy as far north as latitude 39° and 40°, and even 
on ^ est^rn prairies. Positively light-needing. To be 
recommended for extensive planting in favoi-able situa- . 
tions, where even superior Imbiber may be expected. 

North of United States boundary, found on moist uplands; 
South (m United States), in cold, wet swamps; but prob- ' 
ably of more value when grown on deej), rnoist, well- 
drained sons, in cool situations. 

Rapid and persistent grower; light-needhig. Deserves at- 
tention in Northern forestry, but only in mixed growths. 

An important tree as a Western representative of the for©- 
gomg species. 



Preliminary list of the ninety most important timber trees of the United States — Contimied. 

Vff, CVPRESS FAIHIIjY,— Under this head may well be grbuped, both botanically and forestally considered, the Junipers and so-called Cedara, to 
which can be added the California redwoods. Characterized mostly by the shingle-like arrangement of their small, soaly leaves, the small, romidish fruit (a coue, 
or berry-hke), and by the usually upright habit of the branches and scanty fall of leaves. ^, . j. , ^ , 

Their great shade-enduring qualitwjs make them valuable adjuncts to f orestiy, othenvise of only secondary miportance. Of the many species contained In 
seven genera but fourteen are found in the United States. 
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Name and size. 



30. Red Ceaap 

(Savin.) 

(Juniperus Virginiana, Linn) 

Height, 60 fe«t + ; 
diameter, 4 feet -f-. 



31. White Ocdar . 



{ChnmcBcyparis sjohceroideaj 
Spach.) 

Height, 80 feet + ; 
diameter, 3 feet +. 



32. AEBOR-vrr-ai: 

(White Cedar.) 

{Tiiuya occidentalism Lien.) 

Height, 50 feet + ; 
diameter, 4 feet +. 

33. Can:e Cc5ap 

(RedC-.dar. Yellow Cedar.) 

{Thuya -jigantca, Nutt.) 

Height, 130 feet -f; 
diaraetcr, 9 feet -f . 



Distribution. 



Gulf to Northern States, Rocky 
Mountains (Colorado) to British 
Columbia; wide range. 

Best development in valley of Red 
River, Ttjxas. 



Atlantic and Gidf States to Cen- 
tral Mississippi. 

Most abundant and best developed 
in Virginia and North Carolina. 



Northeastern . 



Northwestern . 



Quality and uses of wood. 



Light, soft, brittle, fiDC-graiiied ; very dura- 
ble m contact vrith the soil. 

Fence-posts, ties, cabinet-work, and almost 
entirely for wood of ieeid pencils. 



Light, soft, fine-grained; very durable ui 
contact mth the soil. 

Used principally for shingles, ties, posts, 
cooperage, boat-builduig, woodenware. 



Light, sort, brittle; not Btront^; very dura- 
hie in contact with the c^oil." 

Used chiefly and largely f or posts, ties, and 
shingles. 



Light, soft, brittle, not strong; veiy durable 
in contact with the soil. 

Used principally for interior finish, cabinet- 
making, shingles, cooperage, fencing. 
Indians of Northwest employ it exclus- 
ively for making canoes. 



Remarks. 



s- a mild chmate; deep swamps, borders of streams, 
is, hills; will thrive, on a rather dry, loose soil. 



Prefers i 
rid-'S-s 

Easily' propagated from seed and cuttings'. Perhaps 
the most unportant conifer for Southwestern prairie 
planting, enduring drought and partial shadet Tolera- 
bly rapid grower. 



Always in low, marshy, or wet ground, where it thrives 
well. Rapid grower ; endures great shade ; easy to prop- 
agate from seed or cuttings. 



Will grow w^ell in any soil not too wet or too stifC. Rapid 
grower: easily propagated; desirable for undergrowth 
and to fill out places where other trees fail to como- 



Lilce the above species, on Pacific coast. 



34. 'U'allfbriraia Wiiiie CJft^ar. 

(Bastard Csdar. Post Ce- 
dar. 1nce>7SE Cedar.) 

(Liboce(irusdccurrem,Totr.) 

Height, 100 feet +; 
diaiiieter, 6 feet +. 

35. Keilw0o?i . 

(SequQia sempervirens, End- 
licHer.) 

Height, 300 feet + ; 
diameter, 20 feet +, 

30. BIG TREE 0? CALIFORNIA . 

( Sequoia gigantea, Decaisne.) 

Height, 350 feet +; 
diameter, 35 feet 4- • 


Sonth western Pacific slope;, be- 
tween 3,000 and 8,500 feet. 

ealifomia; local; western slopes. 
Calif oiTnia; very local and isolated 


Light, soft, brittle, not strong; "viery dura- 
ble in contact with the soli; but a,ccord- 
ing to others not at aJl so. 

Extensively iised for fencing, posts, %vaterr 
ihimes, interior finish, furniture, siiingles, 
and laths. 

Light, soft, brittfe^ not strong; very dura- 
ble in contact with the soil. 

The chief and most valuable building tim- 
ber of the Pacific coast. In (jahfdrnia; 
used altnoSt entirely for shingles, posts, 
ties, poles, telegraph-poles, Virater-tanks, 
, .tubs, etc; ■ ' ■ ' ' 

Light, s6ft, bnttle, weak: exceedingly dura- 
ble in contact with the soil. 

Once locaiHy used for lumher, fencing, 
shingles, construction, etc. 


Slopes and valleys, in v^eli-draiiied soils. Edpid groTv^er* 
of excellent appearance. In the East probably adapted 
■ only to Southern States; hardy at Washington, D. C. 

Low, moist, v/ell-drain.Gd situations and damp climate; 
not on dry hillsides. 

Vigorous and persistent grower; Shade-enduring; sprouts 
from the stump. Highly important for California for- 
estry; perhaps also for that of Southern States. 

Moist situations, between 4,000 and 6,000 feet. 
Probably only of historical interest. 


B.. BE,0 ADtLEAVEB , TEEES.— (With few' exceptions, decicIuoiis-leaTed trees.) A. .strictly practical or. botanical classi-iication in bxqe 
groups has not been attempted, but a sequence witliin- botanical relations, and an aiTaiigenient according to the nattire of the seec"! 
has . been niore.^or less, observed, placing iirst the acorn- aiid niit-bearing trees, next, those. with. hardj win^lGss ' se^, and histlV, "those' 
with soft and wmged seeds. ' 


iJame and size. 


Distribution. 


' Quality and uses of wood. 


, , Remarks. 


S7. Wlaite Oa!i 

(Qiierciis alba. Linn.) 

Height, 130 feet +; 
diameter, G feet 

SS. ISasItet ©ak 

(Swamp Chest:tut Oak. Cow 
Oajl); 

(Qiiercus Michaiixn, Nutt.) 

Height, 100 feet + ; 
diametei', 3 feet +. 


North Central, Central, and East- 
ern States. 

Best deyelopmerjt on ^,vestern 
slopes of AUeghany Mountains 
and valley of Ohio Eiver. 

Southeastern, 

Best development on the rich hot 
torn lands of Southeastern Ar- 
tan.sas and Louisiana. 


Heavy, hard, stroi^..^, tough, dtirafcle in con- 
tact \vlth the soli. , 

Chiefly for ship-building, eo.iistr action of 
all kinds, cooperage, carriage and wagon 
stock, agricultural inipleirvenfs, fencing, 
posts, ties, j5'iZ'?5, cabinet-making, interior 
finish, coarse liunber, and fuel. 

Very heavy, hard, tough, and very strong; 
very durable in contact with thes soil. 

Largely employed in the manufacture of 
agricultural implements, wheel-stoclcs^ 
cooperage, baskets, fencing, and fuel. 


Grovrs vrell on a great variety of soils, but best on deep, 
moderate]}^ moist, well-draihcd loamy sand, and in warm 
situations. Slow but persistent grower; light-needing, 
cajyable of enduiing sluide but" not with"" advantage. 
Most valuable of the American oaks. 

Moist rich soil; vfill endure flooding. 

The most yaluable of the white oaks for the Gulf States. 
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Name and size. 



39. Burr Oak.............. 

(Mossy-cup Oak, Over-cup 
Oak.) 

(Querm^ macrocctrpa, 
Miciix.) 

Height,, 100 feet + ; 
diameter, 4 feet • 

4Q.\Pi)si Oak.. 

' ■ ; .(;Qiierci(^s oMusiloha^ Miclix.)' 

^ ■ ' vHeiglit,; 60:feet' + ;: ■ 
v; (iiamefer, 8 feet 4i 

4l./ctetiiiit Oak....;'.....'...' 

' (Eocz 'CsEJSTNUT Oak.)' 

■ Heiglit, 80 feet, + ; 
diameter, 3 feet -f. 



42, Ij i ve # fak ■ 

{Querelas vlrens^ Ait.) 

Height,: 60 feet + ; ' 
diameter, 5 feet +. 

,43. CALIFORNIA 'mns OAK. 

, '(MatilOas.Valpahaiso'Oak.) 

(Qiiercuscktysblepi^^lAQhm..} 

Height, 80 feet +; 
diameter, 5 feet +. 



Distribution. 



Nortii Central, Central, and Nortli- 
eastem 'Uint^jd States: extends 
farthest AVest and Northwest of 
ahy of the Eastern oak^s. 



East of the Rocky Mountains . , 



Northeastern, . . 

Best clGveiOpineiit southern 
Alleghany Mountains. , 



Southern , ,. - ,• 

(Ireat'CSt development in South- 
ern Atlantic States. ■ 



Pacific States, 3,000 t<^ 8,000 feet 
eleYation. 



Quality and uses of wood. 



Hea:^, hard,,str6n|r, tough; most durable 
in contact Nffith the soil of any of Amer- 
icain oalks. , 

Eniplbyed f oi- the sainie purposes as that of 
White Oak; more durable, but porous. 



Very heaiy, hard ;„ very durable in contact 
with the soil. ' . , , 

Chiefly for fencing, tieis, fuel, and occasion- 
ally for carriage-stock, codperage, and 
■ ' o&er'Gonstmction^ : . ■■ 



Heavy, hard, strong, railier tough; durable 
, m contact Vydth tho soil. ' 

Less valuable than the foregomg species. 
Used chiefly for fencing and ties. Valued 
principally for, taii-bark. 



Vei'y lieayy, hard, strong, tough, anddiira- 
ble.„ ■ ■ ■ " 

Once largely employed in ship-building, 
but nowi only occasionally; somewhat for 
tool-stock. 

Very ,he^vy, hard, tough; very strong 

Employed considerably in the manufacture 
of agricuJtui'al implementSj wagons, etc. 



Remarks. 



Requires better soil th^n "White Oak ; niore shade.enduring. 

A 'W^estern substitute for White, Oak, and especiaily roc- 
; ommended for prairie pia^nting. 



Well-drained gravelly l^iIandSj Clay liarrens, and poor 
,, sandy loams, ,. ' ' 

■Eecomiii^n<]e(i; for IV estem plantih^^^ ■ 



For planting on rocky banks and hillsides; never in any but 
well-drained sitiiajtions. 



Y/arni' loamy, soil,' retentive of nicistiire,' and free from' 
overflow. 

Most raJt)^c^ grov/er of all the oaks; mcsi ihade-'.vdi'r.'m'; 
evergreen foliage. Especially desh-able for Southern 
forestry. 

Warm, dry,, sim,ny exposures. 

Most valuable of the Pacific oaks. 

Foliage evergreen. 



■W. CALIFORNIA ■■CHESTNUT'" 
■ ' OAK. . 

(Tan-bark Dak. Peach Oak.) 

{Qtiercus densifiora, Hooker 

■ ■,.&.Arnott.)' ; 

, ■ Height, 'GO, feet +; ,/ 
' cliamster,' 2 ,fee,t +• ' 

,45. rep', 0;AK... ,.'->..,,:'..-.,... ...... 

' ' '(Black Oak.) ' [ 

{Quercus ruhra^ Linn.) 

' ' Keight/lOOfeet + ; ' ' 
diameters 4 feet -f. 

46. BLACK OAK. ... .............. 

(Yei.lo'vt-baiik Oak. Yellow 
' Oae. Quercitron Oak.) 

(Quercus tinctoria, BsLTt.) 

Heiglit,.SOfe:et +; 
cnknieier, 3 feet +. 

47. SPANISH OAK........ 

(Eed Oak.) 

(Querms falcata, Miohx.) 

Height, 70 feet + ; 
diameter, 4 feet +. 

48. WATER OAK 



(Duck Oak. Possum Oak, 
Punk Oak). 

(Quercus aquatica, Walter.) 

Height, 70 feet + ; 
diameter, 3 feet -j-. 

49. Beccli..... 



(Fagtis feiirugineay Ait.) 

Height, 100 feet -f ; 
diameter, 3 feet 4-. 



Pacific coast . .... ...... ^. . . 



E^st development In redwood 
belt on California coast. 



East of Ex)cky Mountains ....... 

Most northerly of Atlantic oaks. 
Best development in Massachu- 



East of longitude 96*>, United 
States. 

Best development in Korth At- 
lantic States. 



Central, Southeastern, and Soiith- 
. em. 

Best development in S6uth Atlan- 
tic and Gfulf States. 



Central, Southern, and South- 
eastern. 

Greatest development in Eastern 
Grulf region. 



East of Mississippi and Missouri 
Rivers. 

Best development probably on 
" bluff " formations of lower 
Mississippi basin, ' 



Heavy, hard, strong; inferior to other white Well-drained, rich soils, 
oaks; valued chiefly for tan-bark. 

Shade-endming. 
Foliage evergrreen. 



Hea^Ti hard, strong; inferior in quality to 
v/Mte oak.?. 

Largely employed for clapboards, cooper- 
age, manufacture of chairs, and to some 
extent for interior finish. Important for 

tan-haflc. 



Hcav}'-, liard, strong, not tough 

Ufieci s(.;Tiie\-,-liat for cooperage, agricultural 
ir.iplement-s, and for construction. Supe- 
rior to White Oak for some purposes, fin- 
portant for tan-bark. 



Heavy, very hard, and strong, npi durable. . 

Used for cooperage, construction, and fueh 
Important for tan-bark. 



Heavy, hard, strong * . , . . 

Chiefly for fuel; also for cooperage. 



Heavy, hard, strong; not durable when 
exposed to dryness and moisture, but 

, exceedingly so when kept constantly 
undei* water. 

Eicteuisively used in the manufactiu'e of 
chairs, sl^oe-lasts, plane-stocks, handles, 
etc.; an excellent mel; 



Thrives in all soils, except an uiidrained one. 

Among the most rapid in growth of ail the oaks. Vigorous 
sprouter from stump; of importance for tan-bark coo- 
pices. 



Gravelly uplands; poorer soils than White Oak requii^es. 
Rapid grower. 



Dry, barren soils. Rapid grower. 



Heavy undrained soil. Exceedingly rapid grower. 



Fresh, rich, but not necesgarily a deep soil; limestone soils. 

For rocky, exposed situations. Rapid grower and endur- 
ing shade exceedingly well, a fact which renders It one 
of the most valuable aids in f orestry. 
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JZreUminar^j list of the ninety most important trees of the United States— CowiiTmedi. 



Name and size. 



50. Vlke»tni\t . 



(Casfanea vulgaris, var 
Americana, A. D C.) 



Height. 90 feet + ; 
diameter, 10 feet -f . 



51. Black Walnut 

iJuglans nigia. Linn.) 

Height, 100 feet -f; 
diameter, 6 leet -f . 

52. EuUer N»t 

(V/HiTB Walnut.) 

(Juglans cinerea, Linu.) 

Height, 60 f est + ; 
diameter, 2 feet -f . 

53. ^hcIl-bark ffHickory 

(Shag-bark Hickory.) 

{Cm-ya alba, Mutt.) 

Height, 100 feet -f; 
diameter, 3 feet -f . 

M. nvdvp A lit 

(Pig Nut. Swamp Hickoky.) 

iCarya amara, Nutt.) 

Hei.G-bt, 70 feet -f ; 
dirinieter, i2 feet +. 



Distribution. 



Northeastern United States 

Best development on western 
slopes of Alloghauy Mountains. 



Northeastern, Central, and South- 
eastern. 

Best development on southsni 
slopes of Alleghar.y Mountains, 
and in bottoni-l.ands of South- 
western Arkan.sas and Indian 
Territory. 

Northeastern 



Best development ia basin of 
Ohio River. 



Eastern Ui-ited States; wide 
range. 

Sest development west of the 
Alleghany Moimtaias. 



Eastern United States; wide 
range. 



Quality and uses of wood. 



Laght, soft, not strong; durable in contact 
with the soil; exceedingly so in situations 
alternately wet and dry. 

Chiefly for cabint^t-work, ties, posts, and fenc 
ing. Edible fruit of commercial value . 



Heavy, bard, strong, very durable in con- 
tact with the soil. 

Extensively used for cabinet-work, giin- 
fitocks, and interior finish. 



Light, soft, durable, not strong 

Employed chiefly for eabinet-worlc and in- 
terior finish. 



A'ery heavy, vei-; bard, strong, toucih, 
clastic ; not dKiahla in -ontaet with the 
soil or expotsed to the weather. 

Used chiefly for r.-ricultural implements, 
caiTiage-stock, ax and tool-handles, bas- 
kets, etc. ; best fuel. 



Heavy, rather hard, stron;?, toufrb; less 
valuable than that of iShell-bark Hickory, 

Largely for ox-yokes, hoops, and fuel. 



Bemarks. 



Well drained gravelly soils; succeeds on rocky hillsides 
with soil of sidficient loojsencss and depth ; on northern 
and eastern exposiires; will thrive on rather poor sand, 
but not on limestone. 

Exceedinf2:ly rapid grower; moderately shade-enduring; 
most vigorous avAj^ersistent sprouter from the stump; 
targe yield per acre. 

Deep, loose, fresh to moist, warm, and .sandy loam; will 
grow in a dry and compact soil, but not in a v/et one. 

Hardy aTid rapid grower, especiallj'- in height; but only 
centenarians produce firRt-class quality of lumber. Good 
sprouter from the stnnip. Not recommended for ai^d or 
sub-arid regions or for uiilands. 

R-efei^ a deep, rich, cooZ loam; suited to cooler sites and 
colf.ler clima te than the foregoing species. Eapid grower 
when young. 



Deep, fresh soil; a compact soil not objectionable; not on 
poor, dry, or v/et soils. 

At first slow, but aftei-ivard rapid grower; sprouts well 
from the stinnp. Moderately shade-enduring. Some- 
what liable to frost. . 



To replace Shell-bark Hickory on Ioav, moist, ec^vet ground. 
Good sprouter from the stump. 

Less liable to frost than Shell-bark Hickory, but more 
subiect to tho ravages of insects. 
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55; '^Mccfeei* Ntit,. ............. 

HlCKOR^i . ElG-BUD KtCE- 
* .eriY. , 'WillTK-HEAllT HlCK- 

■ oaY.) 

{Carya tortientosa, Nutt) 

, Height, 90 feet; . 
diameter, 3 feet +. 

56. Elg Slieil-Biii=k HicKopy, 

(Bottom Shell-Bark.) 

(Carya siclcafo, jSTutt.) 

Height, 70 feet -i- ; 
diameter, 3 feet 

57. PEGAN 

(Illinois Kut.) 

{Carya ollvcefonnis, Nutt.) 

fTeight, 75 feot + ; 
Dianieter, 2 feet 4-. 

58. Wild SSisick C'?jcrry : 

(EuM Cherky.) 

{Frwn-u^ seroti7ia, Elirliart.) 



Heigi.it, 90 feet +, 
ditiineter, 3 feet +. 



SWEET GUM . 



(LiQinDAiiBER. Red Gum. 
Star- LEAVED Gl"i. Eil- 
Sted.) 

{Ligitidamhar Styracif^ua, 
Linn.) 

Ileiglit, lOOfeetH-; ' 
dianieter, 8feet +. 



Eastern Fiiifced States ; wide 
range. 



Host abundant, and generally 
distributed ia the Boutheni 
States. , 



Central United States; local. . . . . 



Soutmvestern 

B6st development in Arkansas 
fitnd Iridian Territory. 



Easfciern; Avide range , 



Soutlieastcrn , 



Greatest development in basin of 
Mississippi River. 



Very heavy. Mi. d, tough, strong . . , . . 

Used for nine.} : the same purposes as that 
of Sheli-bark Hieltorj'', verv- variable, ac- 
cording to site; resembling Shell-bark 
Hickorj^. 



Lllce Shell-barli; Hickory and employisd for 
much tlie same pm'poses. 



Heavy, hard, brittle; not strong; inferior 
to that of Sliell-bo'Jv Hiclfory. 

Used chiefly for fuel. 

Edible mits £in important article of com- 
merce. 



Rather heavj^^ hard, strong. Of light-red 
color. 

Chiefly for caMnet-workSinCi interior finish. 



liather hea^y and soft ; not strong nor dura- 
ble when exposed to the weather. 

Manufactured into lumber, clapboardis, 
and coar^j boards, for cabinet-wojpk, ve- 
neering, etc. 



To replace Slien-bark Hickory on poorer and drier soils: 
iviil succeed even on 5a.r^^^ 

Good sprouter from the stamp, but slow grower: liable to 
attacks of inscQts. 



Rich, deep SQil. 
Chmatically confined. 



Deep, rich bottom-land. 

Rapid grower. For Southv^estem planting. 

More valuable for production of fruit than for timber dut- 

DOSfiS. 



Afiapted to almost any soil and situation; best in deep, 
v/ell-drained soil; tviil succeed also on dry soil. Very 
rapid grov.^er, very soon reaching a useful size for cabi- 
net-wood. Endures considerable sTiade. 

The mde rcmge of sites to which it is adapted, its rapid 
growth, and shade place it among the most valuable 
forest trees of the United States, especially for Western 
planting. Not infected by caterpillars in forest nlanta- 
tions. 

Succeeds on a great variety of soils— light, dry, sandy and 
soils retentive of moisture. Eapid grower. 
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Preliminary list of the ninety m trees of the United States— ContimieS^, 



0:» 



^^■aine and size. 



Distribution. 



Quality and uses of wood. 



Remarks, 



60. Klack.ljwciist 

(Locust. Yellow Locust.) 

iEobiniapseudacaciajli.) 

Heiglit, 75 feefc ^ ; 
diameter, 3 feet 4- . 



,61. Moloney JLocMSt. 



'i ; (Sli\mT, Locust. HoitEY 
Shucks. Three-thokned 
Acacia. Black Locusst.) 

i" _ / XGldditschiatriacantlios^. 
: , ' Liim,.) 

Height, 90 feet -{-; 
diameter, 3 feet +, 

" 'es.-HAOKBERBY ............ , . . 

(SuoAB-BHitRT. Nettle Tree) 

(Celtis occidentalism Lion.) 

Seiglit, 100 feet + ; 
diameter, 4 feet 4 • 

63. RED MULBEP.RY ............. 

{Morus tuhra. Linn.) 

Height, 60 feet +; 
diameter, 2 feet -f, 

64. LAJiaE-FLOWEKED MAG- 

NOLLA. 

, ■ (Southern Evergbeek. 'Bia 
Laurel. Bull Bay.) 

{Magnolia grandifiora^lAmi,) 

Height, 70 feet +; 
diameter, 3 feet. 



Southern 

AUeghaiiy Momitains; local; but 
by, cultivation \yidely distrib- 
' uted east of Boclry Mountains. 



Central . 



Best development in bottom-land 
of lower Ohio River basin. 



Northern and east of Itiissi&sippi 

River.. , ' ' 

Best development in basin of 
Mississippi River. ' 



East of longitude 98" : 

Best development , in basins of 
lower Ohio and Mississippi Riv- 
ers. ; 

Southern and Gulf States ... 

Best development along Missis- 
sippi in Gujf region. 



Heavy, very hard and strong; very c^wra- 
&?e in eoiitact with the soil. 

Employed largely for fence posts, in turHr 
ery , construction, treenails, ete. , 



Hea^'y, hard, strong; very duraMe in con- 
tact with the soil. 

For fence-jjosts, rails, hubs, construction, 
■■■ etc.. ■ 



Heavy, rather soft, not Strong; dii^ieult to 

split,' ^ ; ■ , ^ ■' , , ■' 

Employed chiefly for fencing, but occa- 
sionally in the manufacture of cheap fuir- 
■ niture.. , ; 



Rather heavy, hard, strong, and very dm^a- 
ble. 

Largely employed for fence-iposts, in coop- 
erage, snaths and other tool-stock, boat- 
building, etc. ; 

Heavy and soft, not strong; very white. . . . . 
Suitable for cabinet-work and interior fin- 
ish. 



Poor, loose sands give best quality of timber; not succeed- 
ing v>^ell in compact soils, but will thrive on a thin one, 
and grows quickest on a rich sandy loam. 

Very rapid ;a^rowei' while' younj^;, 'UgM-7't feeding; persistent 
and vigorous sprouter f rom'the roots. To be only spar- 
, ingly tlispers5ed among shady companions, which Will 
,afford protection agaiiist the attacks of borers. 

Easily propagated from seed, also. by cuttings, 'Sucfeei*s., and 
stakes. For short rotations and coppice ma,nagement. 

Low, rich bottom-laud; rarely on high, dry, sterile hills. 

Yery,rapid grQv:}er; Ughf-rieexlmg. , 

JEa^-7:Z7/ grown from seed, btrtnotfroih cuttin,^s. liCss liable 
to iiisect ra ages ; ' otherwise to be treated similar to Black 
. Locust, which it is recommended to rei)lace in Southern 
; localities,, ■ , „', ."' 



Will g-row tolerably well oh the most barren and poorest 
, soils, but best in a fertile one, cool and moist, where it is 
of rapid growth; usually slow fit first. , ' 

In Western planting recohnnended only as an adjunct in 
. partial shade. ■ 

Deep, rich loam; endm'es shade. 
For Southwestern planting. 



Cool,' moist hum]nocks, with rich, deep, loose soil; 

Not hardy, in Northern States; for strictly Southern cli- 
mate., ; 
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65. Tulip Tree . 



(W HiTE Wood. Yellow 
Poplar.) 

{Liriodendron tulipiferali.) 



Height, 150 feet + ; 
(Jiameter, 9 feet +. 



G6. Western Catalpa 

' (Catalpa spedosa^ Warder.) 

Height, 80 feet + ; 
diameter, 4 feet +. 



67. OSAGE ORANGE 

(Bois d'Arc.) 

{Madura aurantiaca, Nutt.) 

Height, 50 feet + ; 
diameter, 2 feet. 



68. IVbite Ash 

{Fraxinus Americana^ Linn.) 

Height, 100 feet + ; 
diameter, 5 feet +• 



Eastern. 



Greatest development in valley of 
lower Wabash River, and on 
Western slope of Alleghany 
Mountains in Tennessee and 
North Carolina. 



South Central 

Best development In valley of 
lower Wabash River. 



South Central 

Best development probably in 
valley of Red River, Indian Ter- 
ritory. 



Eastern; wide range 

Best development in lower Ohio 
basin. 



light, soft, not strong, nor very durable. . . 

Manuf actui'^d into lumber for interior fin- 
ish, clapboards, shingles, cheap furni- 
ture; pumps, wooden ware, boatnbuilding. 



Light, soft, not strong; very durable in 
contact with the soil. 

Employed chiefly for ties, posts, rails; suit 
able for interior finish. 



Heavy, very hard and strong, flexible; very 
durable in contact with the soil. 

Chiefly for fence-posts, ties, wheel-stock, 
paving-blocks. 



Heavy, hard, strong, very elastic ; old tim- 
ber brittle. Very valuable. 

Employed chiefly in the manufacture of 
agricultural imi^lements, carriages, han- 
dles, oai-s, interior finish, cabinet-work, 
and flooring. 



Deep, light, loamy, sandy, or clayey soils, in cool, moist 
situations. 

Tolerably rapid and persistent grower. Very light^need- 
ing; hardy. 

Poor seeder, and low percentage of germination ; seed liable 
to he over. Fair sprouter from stump. One of the 
largest and most valuable of the deciduous soft woods. 



Adapted to a great variety of soils; best on low, rich bot- 
tom-lands. 

Very rapid grower; sprouts vigorously from the stump; 
shade-enduring. Good seeder and keeper. Readily 
propagated from seed, cuttings, and layers. 

Of somewhat straggling habit, a feature which is corrected 
by planting densely with other species, i. e. . either quicker- 
growing or foregrown, light-foliaged, or equally fast- 
growing and shady— suitable ones. Black Locust, Black 
Ch^ry— Desirable tree for Western planting. 

Best in a moist loam, but adapted to other soils. Depend- 
ent on warm climate; medium but not persistent grower; 
sprouts well from the stmnp ; somewhat shade-enduring. 
Good seeder and easily propagated. 

Requires much care to produce desirable timber; and, ex- 
cept for Southwestern planting, questionable as a desir- 
able forest tree. 



Depth, looseness, and moisture of soil of most importance. 
Best in moist atmosphere of northern and eastern ex- 
posures. Will succeed in wet and compact soil if well- 
drained, but not in a hght and dry one. 



Rapid grower; light-needing, thuaning out rapidly, and 
therefore requinng shady, slov, er-growing companions. 
Vigorous and persistent sprouter from the stump. Poor 
seeder; seed not easily kept, tending to lie over. Liable 
to attacks of borer and to frost when young. On account 
of its demand on the humidity of the soil and its exten- 
sive root system to satisfy this demand, a dangerous 
companion to other trees; therefore requiring careful 
management. 
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Preliminarjj list of the ninety most important timber trees of the United S'^a^es— Continued. 



Name and size. 



69. Black Ash 

(Hoop Ash. Ground Ash.) 

{Fraxinus sambudfoliay 
Lam.) 

Height, 90 feet + ; 
diameter, 3 feet -\-. 



'lO. Green Ash 

(Fraxinua viridis, Blichx. f .) 

Height, 50 feet + ; 
diameter, H feet + 

71. Bine Ash 

( Fraxinus qu adrangulaia^ 

Height, 70 feet +; 
diameter, a feet + 



72. OREGON ASH 

{Fraxinus Oregana, Nutt.) 

Height, 60 feet +; 
diameter, 1} feet + 

■?*3. Sugar Maple 

(HardLIaple. Sugar Trek.) 

C4cer sacc7iarinum,Wangh.) 

Height, 100 feet + ; 
diameter, 4 feet +. 



Distribution. 



Northern and Northeastern States 
The most northerly of the ashes. 



Western States east of Eocky 
Mountains and South. 



Quality and uses of wood. 



Rather heavy, rather soft, tough, elastic, 
not very durable when exposed. 

Lately much used for interior finish and 
cabinet-v/ork fencing, bai-i'el hoops, b:is- 
kets, and fuel. 



Heavy, hard, strong, brittb . 



Best development in basin of 
lower Wabash Kiver. 



Often employed for same purpose as that 
of White Oak, but uiferior to it in quality. 



Central St.ate3 Heavj-, hard, brittle; as valuable as any of 

the ashes, and most durable of all vrhen 
expo«ed to alternate diyiiess and moist- 
ure. 

Used for much the same purposes as that 
of White Ash, but principally in carriage- 
making and flooring. 

Rather heaA^y, sometimes brittle, not strong : 
similar to that of Vv hite Ash. 

Employed chiefly in the manufacture of 
furniture, carriage and wagon frames, 
cooperage, fuel. 

Heavy, hard, strong, tough; not durable 
when exposed to the weather. 

Employed chiefly in the manufacture of 
furniture, SDoe-]a*sts and \^e^s, saddle- 
trees, turnery, interior fiuish, iWring; in 
ship-building, for keels, keelsons, shoes: 
excellent fuel. The "bird's-eye" and 
"curled " maple of this species are much 
prized in cabmet-maldng. 

Furnishes the maple sugar of commerce. 



Northwestern coast 

Best development in bottom-lands 
of Southwestern Oregon. 



Eastern 

Best development in region of the 
Great Lakes and Northwest. 



Remarks. 



Soils Uke those for F. Americana, but indifferent to drahi- 
o{je, and more dependent on moisture; therefore well 
adapted to undrained situations in cool climate; other- 
wise like Americana. 



Less dependent on humidity of soil than the White Ash, but 
prefers a deep, cool, moist soil. 

Rapid but not persistent grower. Seed germinates readily. 

The ash for Western planting. 

Less dependent on moisture than other ashes; prefers a 
rich, deep, moist soil. 

Recowmended for Western planting. 



Moist soils and climate. 



Best on moderately deep, loose, well-dramed, strong, loamy, 
and calcareous soU, ua moist, cool position; will grow also 
on still clay, if not too wet, and on stony hillsides. If not 
too dry. ' ' 

Tolerably rapid and persistent grower; moderately shado- 
enduring; does not sprout well from the stump. 

Not well adapted -to dry regions. 



C3^ 



74. SilTep Maple.... 

(White Maple. Soft Maple.) 

(Jcerdaspcarpitm,'Ehrh..) 

Height, 90 feet +; 
diameter, 4 feet +. 

Reel liiiple. — 

(Soft Maple. Walter Maple, 
, ' Swamp Maple.) - 

{Acer 7nibrum, JJ.mi.} 

Height, 90 feet +i 
diameter, 3 feet +. 

©FCgon Maple \ , , 



(California Maple. Broad- 
leaved JLu^le.) 

(Acer macropTiylhim^ Pursh.) 
Height, 90 feet +; 
diameter, 4 feet + • 



77. 



78. 



BOX-ELDEK 
(Ash-leaved MAplb.) 

(JVegundo aceroides,MoenGh.) 

Height, 50 feet +; 
diameter, 3 feet 

WMte Elm....... 



(AmerioaijElm. Water Elm.) 

(Ulmiis Americana, Liim,) 

Height, 100 feet -f- ; 
diameter, 6 feet + . 



79. SLIPPERY ELM........... 

(Red ISlm. Moose Elm.) 

(C7T??ms/ulua, Michs.) 

Height, eo feet -f ; 
diameter, 3 feet +. 



Easterii (United States) ......... . ^ 

Best deveiopraentin basin of lower 
Ohioliiver. 



Eastern. , 

Greatest development in TSJleys 
of Lower Wabash and Yaaoo 
Bivers. 



Pacific slope. 



Best development on ricli bottom- 
lands of Southern Oregon. 



East of lioclty Mountains, TSiiber 
Southeiii and Western. 

Best development Sn yaHOms of 
Wabash and Omnberland Biv- 



East of the Eocky Mountaltig.. . . 

Probably attains its best dewlop- 
ments near its northeomliiuhiS. 



Northern, Atla,ntic, and Gulf; 

States. . 

Best development in Western 

States, 



Rather heavy, soft, brittle, not very strong, 
nor durable when exposed to the weather 
or soil. 

Used in the manuf actm-e of furniture, floor- 
ing, for fuel 

Yields a good quality of maple sugar. 

Slightly heavier and harder than that of 
S'llver Maple: not strong nor durable; ia- 
ferior to that of Sugar MaplCy hnt supe- 
rioT to Silver Maple. 

Used chiefly for cabinet-makings in tum- 
for woodenware, guii-stoCkB, light 

Bather light, hard, strong; said to be one 
of the best aad most valuable woods of 
Pacific coast. 

In Oregon, employed largely in the manu- 
facture of fin-nitm-e, ax and broom han- 
dles, snow-shoe frames, etc. The "curled" 
wood of this species is highly prized in 
cabinet-making. 

Light, soft, not strong; inferior ........ . . . . 



Manufactured chiefly into paper-pulp, 
woodenware, and used somewhat in coop- 
erage and for interior finish, fuel, etc. 



Heavy, hard, strong, very tough, but not 
durable; inferior; often difficult to split. 

Employed principally for wheel and chair 
stock, coarse lumber, floormg,cooperage, 
andfuei 



Heavy, hard, strong, more durable than 
other elms. 

Used principally for wheel-stock, sills, posts, 
ties, rails, fuel. 

Large quantities of the inner bark used for 
officioal purposes. 



Adapted to a variety of soils and climates, but best on 
rich, moist soil. 

Very rapid hut not persistent grower; light-needing: 
sprouts vigorously from the stumD; MaMe to injury from 
winds; comparatively free from insects, ' ' 

Especially recommended for Western planting. 

Best on low, wet sdils, but will thrive in moderately dry 
situations.';",. 

Rapid but not" persistent grower ; endures more shade than 
A, dasycarpum; sprouts vigorously from the stiunp. 

Usefulness in dry dimates questionable. 

Rich bottom-lands. , ' 

Rapid grower in moist climate. 

Important on the Pacific slope. 



Best on low, rich ground, but ^ill succeed on uplalnd. 

Rapid but not persistant grower; sprouts weR from the 
stump; hardy. Easily propagated. 

For forestry purposes, important only as nurse and soil' 
cover, especially in Western planting. 

Adapted to a great variety of soils, but best on a rich, 
loose, moist one; requires less moisture than the ashes: 
bears occasional flooding. 

Rapid and persistent grower; sprouts well; endures mod- 
erate shade, ; 

Important in forestry mainly as a nurse and for soil-cover. 

Recommended for Western planting. 

Rich, moist, well-drained soil, much like that of the WMta 
Elm, but wiU bear drier and more elevate dsituations. 

Rapidj but not perdstent grower. Easily propagated. 
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Preliminary list of the ninety most important timber trees of the United States— Contiimed. 



Name and size. 



Distribution. 



60. SockElm. 



(Cork Elm. iIickory Elm, 
White Elm. ChWF Elm.) 

(Ulmics racemosa^ Tliomas.) 

Height, 90 feet +; 
diameter, 3 feet -f, 

:61. Itllm ElTth .. ! 

{Betnla, Hfea, Michx. f 

Height, 80 feet +; 
diameter, 3 feet -|-. 



■,63. B:ae.|£,Bir€!i . 



(Chebby. B'irch. , ■ Sweet 
Birch. .MahogajtyBiech.) 

(Betula lenta, Linn.) 

Height, 60 feet +; 
diameter, 3 feet -}-, 



Northeastern Uiiited States 

Best development irj jSoutherii 
Ontario and Michigan. 



Rather Northern . . . . , , . , 

Best' 'development north ot the 
Great Lakes. 



QttaHtgr and wsm CJf wood: 



Same range as above. 



, teocBirc?! .. 

OVhitz 3irc:{. Tai^lpv Eiucn 



I , Nortliwestftra , Northern, and' 
I , i:^orthea;:;terii in. United States, 

_ ' Reaches a higher latitude than 

{Betuio, papyrifera^ Mar- iii'r other American deciduous 
shali.) I tree.-' ■ ■ ' ■ 

dmia^-Lex, ;J feet ] 



Heavy, hf?rd, vorj strong, tciiib iind elm- 
tic, s^iiK-rior {,jtbat of oth'-^- ehns. 

Extensii'oiy ii:,ed m the iiia iinfacture of 
agricultural implements, wheel-stock, for 
ties, bridge and building timber, rails, etc. 



Heavy, very hard» and strong. 

Ghiefiy for furniture, wheel-hubs, piH and 
match boxes, button and tasisel moldjs, 
an^i extensively for/ucl. 

Valuable foiih ^abin^^-wbiod* 



Heavy, very stronj?, hard like tha:t. o^f Yellow 
Birch, hut rose-colored, £"«ijfi perhaps more 
yiiiluable tor cabinet-iTork, 

Mueh used in the manufacture of fiJt/rnMwre 
and for fuel. 



Rather heavy, hard, tough 
durable unless pi-oteettid: 



strong^ ;> not 



Extensively employed in thg mamifacture 
; of spoolis, shoe-lasts and jyegs, pirnery of 

other kinds; .lately much iised in mamng 

pulp; excellent /weZ, 



Remarks, 



Mph, moist, heaTsy, loamy soils. ' 

Pi'ohably to take the place of the White Elm in f orestiy. 



■Cool, ''moist atiH'Osphere preferable. Capable of ' thriving ' 
on prx-'Vi b'liit best on' ,a moderately ■'deep,'''l'oose, ■ moist 
sand; hardy and very adaptive to jsoili};'. ■some what in-' 
different to climate. . ' ■ ' 

'RapM''ai!d tolerably persistent' grower;- sproutrng^'cjuaiities 
greatly dependent 6n ssite. Liglit-needin^. Easily propa- 

, gated. ,,'■',, ■ ,, ■ , ; . " ' 

For forestry, like all the birches, to be only occasionally 
and spamgl;}': used as an admixture. , 

Same as above species; but apparently not as rapid or as 
periiistent a grcux^r. 



Same ai3 Black'Birch, liiit'v.illprobablyhear d^ificient drain-, 
age better than otner birches. ' ', _ _ ' • .,• ', '/ . . • •' 
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84. WHITE BmCII'. 



(Old-field Birch. [Gray 
Birch.) 

{Betxf^la albd, yar. popuU- 
foUa, Spacli.) 

Heigiit, 25'feet + ; 
diameter, 1 foot 4- . 



85, Bass Woo a . 



(Ambrican Lestdbn. Bee 
Tree. Lime Tree.) 

{Tilia Americana^ Lmn.) 

Helglit, 100 feet +; 
dianieter, 5 feet +, 



:8a ■SYCAMOKE;, 



(BitttonWood. Button-ball 
Tree. ."Water Beech,) 

HeigM, 130 feet + ; 
diameter, 10 feet +. 

' 87. COTTONWOOD ., . . . .. .. ......... 

(Carolina Poplar. Big Cot- 
tonwood, Necklace Pop- 

LAR.) 

{Poptiliis monilifera, Ait.) 

HeigM, 100 feet -f; 
diameter, 6 feet +. 



lAEGE ASPm....... 

(Large-toothed Aspen.) 

grandidentata, 



Mclix:.) 



Height 60 feet + ; 
diameter, 3 feet +. 



Eatlier Northern. 



East of the Mississippi and Mis-' 
sonri Rivers; wide range. 

Greatest develoiDment iu vaJley of 
lower Wabash Elver. , 



East of the Mississippi and Mis- 
souri Eivers. 

Best development in bbttom-lanids 
of the Ohio and Mississgjpa Eiv- 



East of this Eocliy Moimtainig. . . . 



Northern and Northeastern States . 



Rather heavy, soft, not strong- nOr durablQ 

Employed largely for spools, shoe-i>egs, 
«iJoo£i-pit?p, hoop-poles, and fueic 



Light, soft, not strong; eiasily worked, . . . . 

Employed largely in the man«factim& Of 
woodenware, clieap furriitnro, 
pudpy for paneU, bodies of carriages, clap- 
boards, matched lianaberi in turnery, and 
for light fuel. 



Rather heavy, rather hard, not very strong. 

Extensively used in the niariuf aetor© of 
cigar and tobacco boxes, cheap f umitnroj 
for butchers' blocks, ox-yokes, and coarse 
planlcs ; lately much used for making but- 
ter and lard trays ana wooden bowls, 
little used for fuel, owing to diSaculty in 
splitting. 

Veiy light, soft, hot strong, nor durahle 
when exposed to moisture. 

Extensively used in manufacture of paper- 
pulpy for lumber, clapboards, matched 
ceiling, fence-boards, and inferior fueL 



Light, soft, not strong, nor durable when 
exposed to moisture. 

Employed .chiefly iii the manufacture of 
wood-pulp, and used somewhat in turnery 
and for woodenware. 



Adapted to drier and poorer soils than other birches. 
Short-lived; rapid grower; sjwwts readily tromthe&tump. 
Probably least import£int of the birches. 



Deep, moderately loose, and somewhat moist soil; can en- 
; dure a wet soil, but . ^.^ili, not thrive on a' dly one.' 

Rapid and persistent j^rower; sprouts vigorously from the 
stump; endures moderate shade. 

Not very hardy, hilt in cool situations a desirable adjunct 
to forestiy. 

Rich, moist, soil, low ground, enduring occasional flooding; 
capable of development on moist upland. 

Wide climatic range, but hable to frost when j'ouiig; light- 
needing; secondaiy in forestry. 



Adapted to a variety of soHs, biit best in a moist, strong, 
loamy one. 

Exceedingly rapid grower; sprouts vis^orO'iisly from the" 
stump; Mght-neediiig; thinning out rapidly; sliort-llveu 
and exhaustive to the soil; most readily propagated. 

Has been recommended for planthig on Western prah'ies» 
chiefly on account of its rapidity of growth; ease of pro- 
curing plant materiai, and of propagation. In forestiy 
should find a place only thinly interspersed with better 
and shady kinds. • 

The Angular Poplar (P. angiilata). is said to be superior in 
quality of timber and of more thiifty groivth. 

Northern States, in moist situations. 
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PreliminariJ list of the ninety most important timber trees of the United States— Coniirm^di. 



Name and size. 



Distribution. 



Quality and uses 6f v^ood. 



Bemarks. 



89. BALH-O^-GILEAD . . . ........ 

(Ba'lsam. Poplar. Tacama- 

HAC.) " 

Fopulus hatsamifera, Linn.) 

Height, 70 feet + ; 
diameter, 5 feet +. 

SP. QlTAKINa ASPEN . ...... . , . . . 

{Amehican Aspen.) 



l^oithern United States ......... 



(Fopulus 
Miclix,) 



tremiUoideSy 



Northern and Southwesteiii (in 
United States); in Pacific re- 
gion, from 6,000 to 10,000 feet 
elevation. 



Very light, soft, iiot strong. Quality of 
tiiub®^ quite equal to that of any poplars, 
biit said ilot to be used where it is abun- 
dant/ 

Suitiable f or woodenware. 



Light, so^t, not strbng nor durable. 

Employed largely iu the manuf^tiu^ of 
paper-ptap ; in Pacific region used occa- 
sionally for flooring, in turnery, and for 
light fueL 



A substitute for CJottouwood in the most northern local- 



Of value mainly as a tree naturally covering denuded 
mountain-sides. 



Height, '50 feet 4-; 
diameter, 1^ feet +. 



Note 1. — Trees which may be looked to as capable of enduring more or ^^^^^ 

Barren soils : Nos. 3, 4, 24, 30, 40 (?), 47, 55, 58, 62, 84. ; , ' / 

Insufficiently drained soils: Nos. 3, 16, 30, 37, 28, 31, ^ 

Stiffsoils: Nos. 31, 32, 53, 54, 67, 73, 74, 77, 85. - , 

Sea-coast planting: Nos. 3, 34 (?),, 30, 3?, 84, , , ■ ' 

Pi-airie planting— tried: Ko^^ , 
worthy of trial: Nos. 2, iO, 34, 39v40, U 

Note 3. — Of exotics which have been successfully introduced for forest cultiire, the following may be citbd as deserving more or less 

attention: ■■■■ ■ ■ ■ ■ > , 

^ Conifers. Scotch Pine (Pinus sylvestris, Ij.), Austrian Pine (Pinus Austriaeay Hoss.), Gorsican Fme {Pinus Laricio, Poh*.), Norway Spruce 
(i^'cea ea;ceZsa, D C.^ Nordmann's Fir (^6ies 

Broad-leaved tree^: English 03Lk (Qn,ercus rolnir, L.), Cork Oak (Qiiercus Suher, Lian.), Black Alder (Ainu's ghdinosa, Gaertn.), Ailanthus 
(Ailanthus glanduloms, Best), Black Mulberry (Motos nigra, h.). Australian Gum TieeQi Emalyptus glolmhis, hshit, K rostrata, Gav. 
Australian Wattle Trees: Acfitcia deemrrens, WiUd., A, pyemnthay Bmth. Gray Poplar (Popitte canescens, Smith). 
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Many other trees wMch occasionally may form desirable adjuncts 
to tlie forest miglit be added to this list, and in the end even the 
stndy and propagation of low tree and bnsh forms f or nnderbrnsh 
will require our attention. 

To these timbers may be added a number of exotics, especially for 
planting on the Western plains. 

The experiments in this respect need to be very careful as well as 
methodical/ and immediate attention to this branch of forestry should 
be given. In order to deserve attention for purposes of naturaliza- 
tion/ it must be shown of an exotic timber— 

(1} That it furnishes better wood than the native species of the same 
family. 

(2) That it will produce in a shorter time larger quantities of wood, 

even if of less value. 

(3) That, even if its wood production be the same or inferior in quan- 
tity and quality, it excels the native timber in its frugal demands on 
the soil, in its value as a nurse, in its resistance to climatic conditions, 
or in some other particular quality. • 

In the naturalization of foreign timbers, on account of their quali- 
ties in their native habitat, due regard must be paid to the site and soil 
in which their most favorable development occurs in their native coun- 
try. Were we, for instance, to place Balsam Fir in a low, warm soil and 
warm climate, the consequence would be deterioration with advancing 
years; the mildness of the climate and the rich soil would induce un- 
natural development, early death, and inferior lumber. Also, if we 
select a soil which, in regard to its humidity, does not suit the species, 
while the tree may grow and seemingly thrive, its qualities may be 
changed and its life shortened. 

While hardiness plays so prominent a part in the consideration of 
exotics for naturalization, it is rational that great stress should be 
laid upon procuring the seed from most favorable localities, i, e. , from 

- the most northern and the driest climates. Carelessness in this respect 
may often be the cause of failure and disappointment with native as 
well as with exotic trees. This was the case in Germany during 
the winter of 1879- 80, when Douglas Spruce grown from California 
seed was all winter-killed, while the seedlings from Colorado seed 
were found to be hardy. It should also be insisted upon that the seed 
conies from vigorous, naturally-grown trees, and it is advisable to 
have the soil of the nursery similar to that of the forest ground. 

The possibility of the naturalization of exotics is not yet as well 
understood as some people believe. That the degree of moisture in 
the atmosphere and the range of temperature in its native habitat 
influence the adaptability of a species to other climes can hardly be 
doubted. The precaution of getting the seed from the driest, and 
most northern habitat of the species is quite rational, but^even with 
this all the requirements which are necessary for a decision on the 
hardiness of a tree are not fulfilled. The site and the method of its cul- 
tivation have also a great deal to do with the success of its growth. 
I will cite only one example. The beech is certainly a native of 
Germany; yet even in the most favorite localities it is almost impos- 

- sible to raise it in theopen without the protection for several years 
of its parent trees, as it is liable to be killed by late spring frosts. 
It would, therefore, have to be considered not hardy, or only half 
hardy/ in its native habitat. While some trees may sustain changed 
Glimaticconditions f or ten or twelve years, and then suddenly succumb 
unexpectedly to iinfavorable climatic conditions, it is a well-observed 
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f act ±iiat otlier trees^ if pr^ first years of tlieir 

"existeiice/'become less sensitive to winter cold the older and stronger 
they grow _aind the hetter the last year's shopt&havo ripened. Thns by 
placing the tender conif ers, like Qryptomeria, WeUingtonia^ Cm-y- 
otaxus, &c. , among surrounding qnick-growing and densely-foliaged 
pines, astonishing result s may be secured. By placing the iirsV most 
of which are liable to injury by late frosts, in such a manner that the 
rays of the morning sun in spring do not directly bear npon them, 
especially on northern or western exposures, these may be propagated 
in climes in which otherwise they would not be considered hardy. It 
must not be forgotten that trees which in gingle individuals fail to 
answer to our climate may, when planted in forest and grouped with 
other kinds, very well sustain themselves. Yet, excepting for experi- 
ment, it will be well for the present tprel^ for forest culture mainly on 
well-proved, hardy plants, and to give the pr^ to native kinds. 

While Vy-e are, perhaps, still far from the time of systematic forest 
management in this country^ yet the statement of the requirements 
of such management may not be umtimely, as showing how difficult it 
willbe to effect any change in our present methods. The creation of 

■a young forest can be effected either by artificial or natural means; 
the latter where nature has provided the original forest. growtli.\ 
The methods eniployed have ref erence principally to the capacity of 
trees to reproduce theniselves either by shoots from the mother stocks 
(^stumps) or else from seed of the mature trees.: . The former method 

'isjcalled-. , ■ 
. ; ^ ^^ .coppice; management.-./ 

It is employed for the production of firewood, tan-bark, charcoal, and 
Vfood of small dimensions, and is mostly appli^^able only to deciduous 
trees. The capacity of reproduction from the stumi3 is possessed by 
different species in different degrees; and depends also on climate and 
soil ; shallow soil produces weaker but more numerous shoots than a 
deep, rich soil, and a mild climate is ^m^ continuance 
of ^he reproductive power. -With most trees this capacity decreases 
after/ the period" of greatest height-growth ; they should therefore 
be; cut before the/ thirtieth year, in order not to exhaust the stocks - 
too much. The oak coppices for tan-bark are managed in a rotation of 
from ten to twenty years. Regard to the preservation of reproductiv- 
ity makes it necessary to avoid cutting during heavy Jrost, to make 
a smooth cut without severing the bark from the stem, and to make it 
as low as possible; thus reducing liability to injuries of the stump 
and inducing the formation of independent roots by the sprouts. 

It will be found often that on poor and shallow soil trees will cease 
to thrive, their tops dying. In such cases it is a wise policy to cut 
them down, thus getting new, thrifty shoots, for which the larger root 
system of the old tree can more readily provide. This practice may 
also be resorted to in order to get a quick, straight gr owth, as sprouts" 
grow more rapidly than seedlings^ the increased proportion of root to 
the part above ground giving more favorable conditions of food sup- 
ply. . It must not be forgotten; however, that this advantage has to be 
compensated somewhere else by a disadvantage; snrouts, though 
growmg fast m their youth, cease to grow in height "at a compara- 
tively early period, and for the production of long timber such prac- 
tice would be detrimentah : 
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Regard to the prGseryation of fe soil conditions, which suf- 

fer by often repeated clearing, requires the planting of new stocks ; 
where old ones have failed. Mixed growth, as everywhere, gives the 
hest results. Oaks, walnut, hickory, chestnut, elm, maples, birch, 
cherryylinden, catalpa, and the lociist also, with its root-sprouting 
habit, can be used for such purpose. 

If , when cutting ofE the sprouts, at the age of from ten to twenty 
years, some trees are left to grow to larger size, thus combining the 
coppice with timber forest, a management results which the Germans 
call Mitteiwald," and which we may call 

STANDAEB COPPICE. 

This is the method of management which, in our country, deserves 
most attention, especially in the Western prairie States, where the 
production of fire-wood and timber of small dimensions is of first im- 
portance, but the production by the farmer of larger and stronger 
timbers at the smallest cost should not be neglected. The advan- 
tages of this method of management, combining those of the coppice 
and of the timber forest, are : 

(1) A larger yield of wood per acre in a ^ort time, 

; ?2y A better quality of wo^^^^ 

■ (3) A production of wood of valuable and various dimensions in 
the shortest time with hardly any additional cost. ' 

(4) The -possibility of giving closer attention to the growth and re- 
q^uirements of single individuals and of each species* _. ■ 

f 5) A ready and certain reproduction, 

(6) The possibility of collecting or using for reforestation, in addi- 
tion to the coppice stocks^ the seeds of the standards. . 
: If, instead or the pure walnut ijlantations which have sprung up in 
' the Western States, such plantations had been started on the stand- 
ard coppice plan, .not only woMd more efficient self -sti^^^ 
forest plantations have been secured, at less cost, but also quicker 
and better results would have been attained. The under-wood or cop- 
pice-wood; of ; inferior kinds could have been cheaply procured, and 
therefore more densely planted, without much extra cost, thus quickly 
furnishing the necessary shade to the soil, and in a short time yield- : 
ing desirable fire-wood, and again sprouting to cover the soil Then 
the walnut or other valuable standards would have been permitted 
to grow on, bearing fruit, and forming, under the influence of en- 
larged ^iccess of light, stouter though shorter timber, of greater value, . 
without losing the needed protection of their foot-cover, , 

The objections to this mode of treatment are the production of 
branches on the standards when freed from the siirrounding growth, 
and the fact that the standards act more or less injuriously on the 
under -wood which they overtop. 

The first objection can be overcome to a certain extent by pruning, 
and the second by proper selection and adjustment of coppice-wood 
and standards. The selection of standards— which should preferably . 
be seedlings, as coppice-shoots are more liable to deteriorate in later 
life— must be not only from such species as by isolation will grow 
into more useful timber, but, if possible, from those which have thin, 
foliage, thus causing the least injury by their cover to the under-wood. 
The latter should of course be taken from those kinds that wiH best 
endure shade. Oaks, ashes, maples, locust, honey-locust, larch, bald 
cypress, a few birches, and perhaps an occasional aspen, answer well 



216 REPORT OF THE COMMISSIONER OF AGEICULTUBE. 



for the standards; tlie selection for sticji should naturally be from tlxe 
best grown straigiit trees.^^^^^^T^ to be held over 

f or timber depends upon the sp and upon the amount of under- 
growth which- the forester-desires to secure. The shadier and the 
more numerous the staiidardSy the more will the growth of the cop- 
pice be suppressed. * From a first plantation one would naturally 
be inclined to reserve and hold over all the well-grown valuable sap- 
lings. The coppice is of course treated as described above. 

r have mentioned before that on account of the free enjoyment of 
light which the standards have tliej/ not only develop larger diam- 
eters, but also furnish quicker-grown wood (which in deciduous trees is 
the best) and bear seed earlier, by which the reproduction of the forest 
from the stump i:s supplemented and assisted. Any failing plantation 
of mixed growth, consisting of trees capable of reproduction by cop- 
pice, may be recuperated by cutting the larger p)art back to the stuihp, 
and reserving only the most promising trees for standards. 

If equally- well-grown coppice and standards are desired, a regu- 
lar distribution of the standards, mostly of the light-needing, thin- 
foli%ed Mnds/:sh^ is givep. to the pro- 

ductipn of useful sizesy the standards may be_ held over in groups and 
irregularly distributed specimens, in which case th of the shade- 
enduring kinds are best in groups. " : 

The specificapplication of this method of management for Western 
practice has been outlined in my/report on Western Tree -Planting, 

" THES TIMBER FOREST, 

in which it is proposed to grow trees to full maturity for lumber, 
is reproduced entirely by seed or by planting nursery-grown or, forest- 
grown seedlings. European practice, with its intensive methods of 
ma,nagement, necessitated by a crowded population and with its ten- 
dency to routine and stereotyped procedure, has. developed a form 
of management which prescribes a clearing of the grown forest and 
its reproduction by artificial planting, (seeding only where, with less 
dense population, a small supply of labor or other local peculiarities 
recommend it) ; a, method which has elicited the admiration of our 
writers on forestry and our pleasure-seekers abroad, but which must 
be condemned as being contrary to nature and the best interest of the 
forestj not . being a product of the observance of natural laws, but a 
child- of seeming financial necessity. The simplicity of the method 
recommends it; but desiccation, deterioration of the forest soil, 
enormous increase of insect pests on the large sun- warmed clearings 
which the young planted -Seedlings are insu protect against 

the drying influences of sun and wind for a number of years, and. 
other dangers from wind and disease, with the production of less valua- 
ble wood (excepting perhaps with conifers), have been the result of 
these uniform growths/ There are but few foresters abroad willing to 
admit their mistake, most of them clinging to the simple prescriptions 
of cleaiing with consequent plantirig/blinding themselves to the de^ 
mental consequences, or patching them up as best they may. It is 

'^The cover whicli trees make at difterent ages Taries of course with species and 
site, and therefore a general rule cannot be established. From many measurements 
of deciduous trees in G-ermany it was found that the average extent of branches of 
trees 30 years old covered about 40 square feet ; of GO years old, about 126 square feet; 
of 90 years old, about 262 square feet; of 120 years old, about 448 square feet; and 
of 150 years old, about 686 square feet; rnaking the number of trees possible with 
full freedom of crown at the respective ages 1|089, 845, 166, 97, 88 per acre* 
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perliaps not generally known that -ansnccessfur forest planting is the 
not unfreqnent complaint of European foresters. The same area 
mnst often be replanted or gone oyer and repaired five, six, nay, ten 
times. A desire to retnrn to natural metliods of reforestation is gen-, 
erally observable witli the most practical men, "wMle the scientific - 
pedagogues are still discussing the advantages of their pet method. 

The results of this method, which found its advocates and its ex- . 
pansion in the beginning and first half of the century, are naturally 
only now visible. At that time the forester had in view only the 
technique of forest planting, and overlooked the fact that he is also 
called upon to preserve the soil in good condition. We should be wise 
to learn from this experience, and not be led by the pleasing exterior 
to f ollow the same routine, which ultimately must result in a deterio- 
ration of the soil of our forest and an increase of its natural enemies. 

To be sure, on the treeless plains, and on the cleared and denuded 
forest areas, we have no choice but to resort to planting; but wherever 
we are still possessed of natural forests our endeavor should be to re- 
produce them by natural seeding, supplemented only if necessary by 
artificial means. 

From a financial point of view this method of working f or ref or- 
GStatibn by the seed from the original timber growth is the only ad- 
visable one where soil and timber are cheap and labor difficult to 
obtain, as is the case in our lumbering regions, and especially so as 
the lumberman, after having taken what can be converted into cash, 
is not likely to make any expenditure upon the soil in order to provide 
for future growth. 

The same regard to the principles explained above must be given in. 
the management for natural reproduction as in the planting of new for- 
ests; the soil must be kept shaded as continually as possible, and. a 
rational mixture of species must be fostered. In addition, we have to 
study the requirernents of each species in regard to light and shade 
for their seedlings, and remove the mother trees gradually, slower or 
faster as required. The idea, still largely urged by popular writers, 
that a change of crop, a rotation, is as necessary in forestry as in 
agritolture, must be considered entirely erroneous. The change 
does often take place through fault of man, not by necessity^ nor as 
an advantage, and is easily explained. Light-needing species will 
take possession of a cleared area which was occupied by a dense- 
foliaged one, unless the seedlings of the latter were on the ground 
first, and vice versa; thus, if by cutting a thin-foliaged forest (oak) 
an existing growth of shade-enduring species (white pine) is given 
the benefit of the increased light, the latter will occupy the ground 
to the exclusion of the former. 

The method of selection, by which only trees of a certain size are cut 
out, practiced in Canada and to some extent in Maine and in lumber 
camps elsewhere, would be satisfactory were it carried on with due re- 
gard to reforestation, but it is not, for the selection does not take 
into oonsideration the requirements of the after-growth, but only 
the utilization of /the selected trees. This method has the advantage 
at least of exposiiigthe soil less to the drying influence of sun and 
wind, and of making a natural reforestation from the remaining 
trees not entirely impossible if the species is a shade-enduring one, 
and oonditions are otherwise favorable; and for this reason its adop- 
tion in our pineries (especially those of the white^ pine, to a consider- 
able extent shade-enduring) would mark a desirable improvement 
upon the indiseriminate slashing of all growth. 
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K^ATXJRAL. BBFORESTATIGK, 

Tlie methods of management for natural reforestation from seed 
in vague on tke European continent can be divided into three classes. 
TEeir characteristic is that in^ timber care is taken to con- 

sider the requirements of a new growth. The first method is an im- 
provOTient on the niethod of selection of our lumbermen, - It is the 
method most suitable to the conditions of the wood lot of the farmer, 
who can cut as he pleases, can pay attention to details in the removal 
of the cut timber, and to the requirements of the groups of young 
growth. This method is the most conservative in regard to the preser- 
vation of soir conditions. It is as nearly as possible the forest man- 
agement of nature^ in which trees of different ages and sizes are 
combinedj and for shelter forests is the only advisable plan. It con- 
sists in taking out the tall tiniber, either by single individuals or 
groups^ as necessary, for the benefit of the undergrowth. If old, 
clensely foliaged trees, under which an after-growth is only rarely 
f ormed, are thus removed, a large opening is made, and the condi- 
tions become favorable for a good new growth from seed of neigh- 
boring trees. Under smaller and light-foliaged timber is of ten found 
a worthlesB af ter-gr^^^ Here a group of the mother trees must be 
removed, as well as the worthless after-growth, and planting of shade- 
enduring kinds resorted to. ' V: _ - _ - ■ . 

The possibility of sprouting from the stocks in broad-leaved forests 
will aid in the reforestation and gradually lead to the-adoption of the 
form described before as standard coppice, the most desirable one for 
/ the small forest owner. ' " . 

: For the lumberman and large forest operator this method is objec- 
tionable,, in : so far as it requires the working, over too extended, an 
area, making lumbering expensive, besides attention to detail is not 
as easily given in large a^^ - 

Two methods are applicable to such ^c^ 

■ . " 

This consists in making the clearing in strips^ and awaiting the seed- 
ing of the clearing from the neighboring growth* It is applicable to 
species with light seeds, which the wind can carry over the area to 
be seeded, such as larches, firs, spruces, most pines, &c. 

The cuttings are made as much as possible in an oblong shape, 
witli the longest side at right angles to the direction of the prevailing 
winds. The breadth of the clearing— on which occasional reserves of 
not too spreading crowns may be left— depends of course on the dis- 
tance to which the wind can easily carry the seed which is to cover the 
cleared areae Observation and experience will determine thedistance. 
In Gerniany, for spruce and pine, this has been found to be twice the 
height of the tree; for larch, five or six times the height; for fir, not 
more than one _ shafts length. From 200 to 360 feet is perhaps the 
range over which seeding may be thus expected. One year rarely 
sufi&oes to cover the cleared a,rea with young growth, and it takes 
longer in proportion to the breadth of the cutting. ' This method is 
very much less certain in its forestal results than the next named^ and 
more often requires the helping hand of the planter to fill out bare 
places left uncovered by the natural seeding. But it is the one that 
seems to interfere least with our present habits of lumbering, and with 
it eventually the first elements of forestry may be introaucod into 
lumbering <)perationSi ^ r 



219 



To be sitre it reqtiires from tliree to eight times the area tisiially 
brought iiiider operation^ but instead of going over the whole area 
every year it may be operated in a nttmber of sinaU carnps systemat- 
icallj placed along a central road connecting the different camps or 
cuttings with the milL An ideal arrangement of such management 
May be sketched thus: 

Suppose we have to supply a mill with 2,000,000 feet from j)ine 
lands, cutting 8,000 feet an acre, trees which bear seed every two 
years, and let the period in which full reforestation can be expected 
-be six years. Then a tract of 3,500 acres, or an area of about 3 miles 
long and miles broad, must be taken together into operation. 

Dividing the tract by a central road on which the mill is situated, 
aiid making the cuttings 300 feet wide by li miles long, each cutting 
will contain 54 acres, and about 5 such cuttings will furnish one year's 
supply, with an average haulage of less than 1 mile to mill— Si6 cut- 
tings will be located on each side of the road. 

The most elaborate method, based and worked on the best scientific 
principles, for which, however, I am afraid our time lias not yet come, 
is that which we may term the 

. ^REGENEEATION METHOD. 

This method presupposes the growing of timber to maturity, like 
the former, and depends for the reforestation upon the seed from the 
mature trees; but it acts upon the eolisideration of the conditions 
under which seeds are ripened and germinate, the requirements of 
the young plants during the first years, especially in regard to light 
and shade and their further development as a homogeneous crop. 
This method has been carefully elaborated, with much detail, for the 
different species forming European forests. But as its application in 
the near future in our forests cannot be expected, it may suffice to 

f ive the rationale underlying it. In the first place, it is necessary to 
now the period at which a full seed year can be expected. This 
differs according to locality and kind.* _ O^^^^ years before 

such a seed year is expected the hitherto dense crown cover is broken 
by a preparatory cutting, enough of the inferior timber being taken 
out to let in some light/or ,rather warm atinshine, which ^f a 
fuller development of seM, the increased <;ireulation of air and light 
at the same time hastening the decomposition of the leaf-mold and- 
thus forming an acceptable seed-bed. 

As soon as the seed has dropped to the soil, and perhaps, in the case 
of acorns and nuts, been covered by allowing pigs to run where it has 
fallen, a second cutting takes place uniformly over the area to be re- 
generated, in order that the seeds may have the best chance for ger- 
mination— air, moisture, and heat to some degree being necessary— 
and that the seedlings may have a proper enjoyment of light for their 
best development and yet not be exposed too much to the hot rays 
of the sun, which by producing too rapid evaporation and drying up 
the needful soil moisture would endanger the tender seedlings. This 
cutting requires the nicest adjustment^ according to the Btate of the 

^^Iii Germany such seed years occur in beech, according to locality, every three to 
twenty years, and account is kept of them. In jSTorthern New York the beech seems 
to bear full seed every two years; like periodicity of seeding in the white pine 
(probably triennial for most localities) and in the long-leaf pine (probably five to 
seven years) has been observed* 
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soil, climatic eoBditions, and the requirements of seedlings of different 
kinds. : WMle the beech requires the darkest shade, the pine trihe 
and the oaks are more eager for light, and should by the successive 
cuttings be early freed from the shade of the mother trees. Beech 
seedlings are more tender, and only by the _graduai removal (often 
protracted through many years) of the shelter of the parent trees can 
be accustomed to shift for themselves, without liability of being killed 
by frost. The final cutting of the former generation of trees leaves 
many thousand little seedlings closely covering the soil with a dense 
shade. ^ - ^ \ ; " : " - -^ - 

That the method of management must differ according to si)ecies 
and local conditions is evident; and especially in a mixed forest is the 
best skill and judgment of the forester required to insure favorable 
conditions for each kind that is to be reproduced. That such seed- 
ings are rarely satisfactory over the -whole area^ and that bare places 
of too large extent must be artificials^ planted., is to be ex- 

pected.; • 

' : "\ ' CLEANING ANB THINNING. ' 

There are in su^^^^ of course, more individuals to 

the acre than can be expected to develop. A struggle for existence 
soon begins, and a constant natural thinning out is the result, requiring 
the judicious aid of the forester to produce a desirable termination of 
the struggle. In this the one point never to be lost sight of is, to keep 
the. soil well shaded. In fact, with this one general rule in view any . 
practical man may be expected to make few mistakes, in the removal 
of trees when the necessity for it appears, which does not occur until 
the stems have reached the size of hop poles. Before that time the 
cleyirihgs are mainly to afford protection to the slower-gro wing and 
mor e; valuable ::_species by removing or cutting back the quicker-grow- 
ing and inferior kinds. By ho means, however, should the small 
shrub vegetation ever be disturbed, unless spreading over valuable 
timber-growth. So far from injuring the future trees of the forest 
this undergrowth is a decided benefit, keeping the soil shaded and 
sheltered against winds, and therefore moist, and adding to its riches 
by the decay of its leaf -mold. On the oth^ hand, if of two or more 
valuable kinds one threatens to overtop the other and to shade it out, 
the ax may properly do its work in preserving the deserving weaker 
one. The question whether a more vigorous clearing out in the earlier 
stages of development does not favor better development of the re- 
maining growth without injury to soil conditions is still an open one, 
though experiments for its decision have been instituted. ^ 

Up to a certain point the effect of the struggle between the trees of 
an even-grown thicket must be considered distinctly useful by forc- 
ing height growth and showing more clearly which are the individuals 
of weak constitution and therefore not destined to become the domi- 
nant growth of the forest. Among this class, which we may call the 
over-shaded, moves mainly the work of inter lucation, a, the peri- 
odical thinnings which are made for the purpose of stimulating in- 
creased development in the dominant, fore-grown trees, and which is 
due to the increased enjoyment of light and room. 

How this struggle for life and supremacy, by exclusion of the neigh- 
bor from the necessary factor of existence, light, proceeds in a natu- 
rally grown forest is shown in the following interesting table, which 



DIVISION OF FOEESTRY. 221 



■was obtained by counting tbe trees of a naturally-grown, dense Nor- 
way spruce forest at different ages. 



Age. 


Trees p©r 
acre. 


Overgrown. 


Dominant 

g X LI VV Vilm 


Standing- 
room per 
tree. 




Number. 
9,377 
1,385 
604 
393 
385 
341 


Per cent. 
49 
42 
32 
21 
11 
4 


Number. 
4,783 
7;i3 
410 
310 
253 
231 


Square ft. 
4.64 
84.43 
72.11 
110.70 
156.00 
180.75 






80 years . . ......... ^ ............. , ........ . . 







Suoh a table is most instructive in many ways. If, for instance, as 
appears, only 733 trees per acre can reach a satisfactory development 
in 40 years, why plant more of a costly, valuable kind? Why not 
limit ourselves to that number at first, and for the purpose of shading 
the ground and stimulating growth fill up the space between them 
with a cheaper material? 

It shows that the struggle for dominance is severest in the period 
from the twentieth to the fortieth year, gradually decreasing with 
advancing age. From this we may infer that interlucations are most 
effective in the earlier period. It shows us that those trees which are 
now dominant, seemingly in full vigor, may yet be overshaded and 
at last subdued by their neighbors. Thus we may group the trees of 
the naturally grown forest into the following; cla^ 

1. The fore-grown or dominant; which might be subdivided into 
(a) predominant, (&) codominant, (c) followers. 
■ 2. The overshadfedj subdivided into (d) overwhelmed and {e) sub- 
dued.^ 

By interlucations we imitate, assist, anticipate nature in this process 
of elimination, and according to the degree of our thinning we speak 
of a dark interlucation, which removes only the subdued, dead, and 
dying stemsj a moderate one, which takes all the overgrown, and a 
severe one, which attacks also the lowest grades of the fore-grown, 
and even interrupts somewhat the upper crown cover. The degree of 
interlucation to be practiced depends greatly on the soil and the ex- 
posure; a dark interlucation is m most cases sufficient. 

The necessity of a stronger interlucation presents itself in a growth 
with an unusually large number of stems of uniform caliber, where 
sometimes the struggle for supremacy is unduly prolonged and the 
lessening of overstock is needed to secure-the development of larger 
dimensions. Predominant stems ought to be taken only exception- 
ally, when a more valuable kind, w^hich we want to favor— as, for in- 
stance, white oak— is in danger of being overwhelmed by a less* val- 
uable overgrowing neighbor ; or when, on account of some peculiari- 
ties of an accidentally foregrown species of tree, detrimentar conse- 
quences must be anticipated, as, for instance, when the birch (which 
only too easily finds entrance into our plantations), with its w^hipping 
branches, may injure and strip the young buds of the pine or fir. 

A deep, rich soil, with abundant moisture, on northern and north- 
western exposures, will endure a strong interlucation with least in- 
jury, because the vigorous growth due to its favorable conditions will 
soonest close any gaps. On the other hand, it will almost always be 
well to leave even subdued stems on thin and dry soils and those ex- 
posed places whereby their removah entrance would be given to dry- 
ing winds and sun. 
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The^^d^ of tMnning dependB also a gi^eat deal on the species 
formings the forest. In another^ I have pointed ont tlie import- 
ance of the classiiication of the different species with reference to 
their relation to light and shade, as shade-enduring and light-need- 
ing, l^his olassifieation has some bearing on t interluca- 

: tion. Those Imids which for their development require a larger 
ainount of light would naturally show ^ in a dense growth a greater 
amount of subdued gtems, ami consequently a stronger interkication 
would be indicated. On the other hand, these very sjjecies are the 
ones which are least capable of preserving favorable soil conditions^ 
becaiise their naturally thin foliage not only does little toward the in- 
crease of the layer of humus, but does not efficiently exclude the rays 
of the sun^ especially as they have the tendency with increasing age 
to thin out still more their leafage. Thev are, therefore, the most 
difficult to manage^ and the continuity of tkeir crowns must be most 
carefully preserved. ; . ; 

The time when the firBt tMnning should take place is generally de- 
termined by the possibility of maMteting the extracted material at a, 
price which will cover at least the expense of the operai^^^ This 
is, howeTsr, not always possiblej and tlie. consideration the increase 
in value of the remaining growth, or rather of the detriment to the 
same by orn^^ thinning, may then be oonclnsive. 

Gn good soil and on mild exposu.res interlucation may take place 
.earliest, because he]?e the gr;owth is. rankest a^^^ difference in the 
dovelopnient of the diffe^rent v^tems is soonest noticeable. Light-need- 
ing find quicker-growing kinds show similar conditions to those grown 

:-on good soil, and here, therefore, early tliinnings, are desirable In 
these cases the thinnings have also to be repeated of tenestj especially 

. during the period of prevalent: height-acerotion. Absolute rules as'to 
the time for interlucations and their periodical repetition evidently 
cannot be given ; the pecriliar conditions of each individual case alorie 
can determine thiSe The golden xule, howeyer, is : early, often, moder- 
ately. The righttime for the beginning of these regulai- and periodical 
-interlucations is generally considered to have arrived v/hen the natural 
thinning out mentioned before conimen<36s and shows the need of the 
operatidn. This occurs gerierally when the c attained the size 

of hop poles. At this stage the well-marked diSerence in size of the 
gtipj)ressed trees will point them out as having to fall, and there 
wfll.not be much risk of nxaking any gross mistakes. Until the trees 
have attained their full height the thinning sho aid remain moderate. 
From this time forward it will prove expedient to open out the stock 
more freely^ without ever going so far ^^^^^ 

• OTHER METHODS QP MANAGEMENT. 

: The methods of management briefly outlined above are the princi- 
pal ones and serve as the basis of all others, which are mostly modi- 
fications of these. Methods are also practised by which a combina- 
tion o£ agricultural use of the soil with forestry takes place. While 
in these there is much that seems attractive, they can be considered 
only in the same light as. combination foolB, which are generally de- 
fective at one end orl)ot]i— the poor man's tool— a poverty-stricken 
practice, to which our riclr and: .broad lands need not yet be subjected, 
ijniess it were to reduce the cost of cultivation in young jdantations 
. on agricnlturahsoil by the introduction during the first two years of 
a crop of potatoes or other cultiYated crop, a practice which may be 
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eTen r ecommended^ tlio comMnation of agric altxir© witli forestry f or 
obyiotis reason can be considered only detrimental to botli.- 

. ' - ■ coNcirsroi^*. --^ 

As in medicine the charlatan will prescribe witliont diagnosis, so 
in forestry lae mnst be called a charlatan who wonld attempt to give 
rnles applicable to all conditions and nnder all circumstances* A 
diagnosis not only of the local conditions as to soil/climatej iloray 
&G, J but also of the ob j eots and the financial capacity of the wonld- 
be forester^ mnst precede special advice. In this report, therefore, the 
attempt has been made only to outline the first principles, from which 
a thinking reader may find the application to his special case, y 

■■■'V-----:'- ':■ GSIER WILLOW- CULTURE, ; 

Many inqniries have come to the Department in regard to methods 
of Osier planting^ showing that this branch of forestry, applicable to 
many sodsy seemingly s promising quick returns, has at- 

tracted widespread attention/^^.T^^ Division has, therefore, begun to 
prepare a manual on willow culture, as a preliminary of which the 
following brief instructions are* here given, compiled from reliable 
authorities* _ / ; . / ^ 

It should be preniised that osier gTowing for profit is not so simple 
and easy or inexpensive an enterprisa as nn^^^ at first appear. The 
market for the material is the fi^rst point to be considered, and in con- 
nection Yfith it the kinds that will grow successfully and profitably. 
So far it seems that the climate of the United States, in most parts, 
with its long, hot summers, is not very f avorable to the grov/tli of the 
finer grades of osier rods, at least not of *the European kinds, which, - 
with one exception, are pronounced unsuitable, while American wil- 
lows are not yet sufSciently tested to warrant their extensive employ- 
ment for osier holts. 

The importation of osier rods, formerly under a duty of 30, now of 
- 25 per cent, ad valorem, amounts annually to over $50,000 in value, 
_ while that of manufactured basket and osier ware, imder a duty of, 
formerly 35, now 30 per cent., during the last five years has averaged 
$243,185. To obtain the material thus imported, which cannot be 
less than 10,000 tons, we might well devote 6,000 to 10,000 acres of 
agriculturally Worthless soil, if we can so secure a desirable product, 

BeleGtion of soil—To make osier holts profitable such soils should be selected as 
cannot otherwise he used to advantage. Tery poor soils, however, should be avoided, 
unless there is a good market for inferior material. The best soil is a fresh, black 
sand, but even a heavy, compact loam, and rich but sour meadow land, which pro- 
duces the poorest quality of grass, is always equally acceptable. 

P&aty soil , if it can be covered with a layer of sand or loam (from the drain ditches), 
will produce a ;good growth. The Caspican willow will thrive on poorest sand. 
Planted on the embankments of brooks, ponds, ditches, the osier will secure the 
embankment and yield a good profit besides. Never plant on soil liable to be cov- 
ered with stagnant water in summer. By making drains in such localities, how- 
ever, good crops cafl be procured. Localities liable to late spring frosts should b© 
avoided. 

CultwaUon of soil.'— Tlow or spade the ground 16 to SO mches deep; aeepor if 
the subsoir brought lip would improve the ground (sand or loam below peat); less 
deeply if the soil is shallow and the subsoil meager. Spading offers opportunity of 
burying the weedy surface more effectively. Wet ground should be formed into 
raised beds of from 30 to 60 feet wide, leaving 2-foot ditches, by which the water is 
quickly drained off. 

The water-lever should be laid atleaat one and a half feet deep. In spading care 
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sliould be taken to bring the surface soil under and the subsoil on top. By this 
means the roots wiU be benefited by the vegetable mold of the surface soil and the 
subsoil at the surf ace will preyent a rapid running to weeds. For spring planting 
the soil must be prepared in fall or early winter, so that it may be pulverized by the 
frosts. - - - - - - - _^ - ' ' : 

Choice of varieties.— Out ot u-pwa:Td& of 250 species of willow, and their endless 
number of varieties and bastards, only a limited number have been found of eco- 
nomic value, especially for osier pm'poses. WhUe for European climates the best 
varieties have, by careful experiment and long experience, been established, we 
cannot yet speak authoritatively for this .country, espeeially about the capabilities 
of our native willows* . 

Such an authority as Dr. C. L. Anderson, of Santa Gru^, Gal,, states in a letter to 
the Department, "Our native California willows, especially those grovdng here at 
Santa Gruz and vicinity, answer very well for all purposes. Baskets, hoops, &c., 
are made froin all varieties that have the habit pf growingalong our streams. There 
is a difference, however. 

" Salix Icevigata^ Bebb., (no common name), Salix lasiandr a, l^enth. {no common 
name) audits varieties, ond Salix lasiolepis, YSiY. Bigelomi, Bebb, (no common name), 
seem to be preferable. On w-et prairies from Illinois and Wisconsin northwest- 
ward is found plentifully a variety {gracilis) of. this species, the twigs of which are 
collected near Chicago by Grermans and sold to dealers in that city. 

^^SdUx cor data {\2jc:vestita, Anderson— -Diamond willow) common clear across the 
continent, twigs stout, suitable for the heaviest kinds of basket work; bronze or 
yellowish green, ofjben bright red when exposed to much sunlight'^ not so tough and 

These all grow rapidly, are hardy, and the texture is sufficiently tough. There is a 
variety of *^afe tomndm that has not been sufficiently described. The branches 
are long, slender, and drooping, and have the appearance of the weeping willow. 
This variety is exceedingly well adapted to economic uses." 

Prof. M. S. Bebb, of Bockford, 111,, the American authority on willows, in a 
lengthy letter on the subject of economically useful varieties, after reciting his fail- 
ures with European species and varieties, says : ' ' My strong conviction is that success 
in osier growing tlu-oughout the corn belt east of the Kooky Mountams will only 
be attained by making good use of plants adapted to the climatic conditions, and 
even then that the product will, fall- below the besi European in quality, * * 
SaXix purpurea, in some of its forms most highly esteemed abroad for osiers, is 
checked also by the midsummer conditions, but not to so great an extent as the sorts 
above mentioned, and one f orm vp^hich you particularize, viz, Salix purpurea pyra- 
midalis^ I should regard as a hopeful subject. ^ * : Of willows indigenous east 
of the Mississippi River, I would name the following as perhaps the most promising 
kinds for future trial: - : " 

* ^ Salix sericea (common eastward), a bushy shrub 6 to 10 feet high; branches red- 
dish green or greenish, at length olive; twigs long, slender, and very tough, yet ex- 
tremely brittle for an inch or two at base. 

Salix petiolaris (common westward), near akin to the former, habit quite similar; 
twigs usually yellow or tinged with crimson ; not so brittle at base. " 

From correspondence so far had with practical osier-growers in the East, thespecies 
most successfully grown in the Northeastern States, and seemingly, too, in Georgia, 
is the Salix purpurea, commonly called the red osier;- but which of the several va- 
rieties, this is has not yet been established — ^probably pyramidaUs. The red osiers 
are of German origin, and are cohsidered the most useful, making numerous pliant, 
"thin,-slender, evenly-grown rods, without branches; especially adapted for binding 
and wattling purposes; growing well on a moist, but also drier, sand soil, less so on 
eompact soils, but again excellently on mucky soils. They are least atfeoted by 
heat and cold, wet and dry. But compared with other kinds grown in Europe their 
yields are somewhat inferior, giving a full crop only after the third or fourth year. 

Altogether vigorous growers are to be most recommended, yet even on the best 
soils, with quick-growing kinds, the growth diminishes after a few years. 

In the selection of Bpecies it is not to be forgotten that while tlRy must be adapted 
to climate and soil and be good and persistent producers, the kind of material fur- 
. nished by them: is to be kept in view, as different species and varieties differ in this 
respect.^' _ " ^ ; : _ 

Planting of euttings.~The best time for planting is the late fall, generally the end 
of October. For such planting the soil should be prepared in spring or early summer 
and left fallow. If the spading has been done in the f all or winter, the planting should 
be delayed till early spring. The growth of the cuttings is the more assured the less 
advanced the spring growth. To retard early growth, take the cuttings before the 1st 
of March and lay thein in water. Take: cuttings only frorn main shoots, ancL only 
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from the lower half of these, because the tops would yield too weak material. The 
best lengthfor cuttingsis about l!3 inches; on compact moist soils a length of 10 inGhes 
wiU suffice, while on dry sand and peat soils 14 to 16 inches may be taken, in order to 
get the larger number of roots in the first season, the number of roots being to some 
extent dependent on the length of the cutting under ground. Place cuttings in the 
ground so that the tops are even with the surface, but on compact and caidng soil, 
which would hinder the buds from pushing through, leave two or tln-ee buds above 
ground. After the shoot is started it is well to draw the earth up to cover the en- 
tire cutting, as many dangers beset the top when left free— injuries in cutting, from 
drying, and from insects. Take care to pack the soil closely around the whole length 
of the cutting. The practice of placing the cuttings inclined is without rational foun- 
dation. Cuttings for planting are best taken during winter, when vegetation rests, 
and may be taken from three, two, or even one year old wood, if of good size. The 
distance at which osiers are planted vaHesV Two considerations must be kept in 
view, the possibility of cultivating and working between the rows, and the desira* 
bility of shading the ground as closely as possible, wliich keeps the soil moist and 
free from weeds and, to some extent, from insects, A distance of 30 inches for the 
rows and of 4 inches in the row answers these purposes. 

Cultivation,— In the first year this is best delayed until the middle of June, to 
avoid disturbing the small rootlets. When cultivating, finst mainly subdue the weeds 
and hill up the soil around the cuttings. Second and third weedings should be in 
August and September. Before winter sets in the plantation should be free from 
weeds . In the second and third year thorough cultivation is required. The first 
cultivation should now be given as soon as the frost is out of the ground. All culti- 
vation must be shallow, not more than 2 inches deep, so as not to injure the roots. 

Mmiuring.—ThGYe is no doubt that by the use of manure or compost the yield can 
be largely increased, but it is mostly too expensive, as the material would have to 
be carried into the plantation by haiid. As to fertilizers, mucky and peaty soils 
Should not receive an increase of mtrogenous matter, though this is desirable, how- 
ever, on poor sands and meager loams. Phosphoric acid fertilizers improve the 
quality of the osiers; the cheap phosphorites^ which are readily assimilated, are 
particularly desirable. Potash, forming £ large part of the constituents of willows, 
is especialiy effective. Fertilizers are best applied during rainy weather and early 
in the season, as soon as the rods have been cut. 

Insects, —The experience that extensive plantationigi of: one kind increase the num- 
ber of their enemies holds good for osier holtSc^^M the injurious insects are 
: beetles and their larvse. The former let themselves drop to the ground from their 
host as soon as this is touched. This habit allows the use of apparatus to catch the 
beetles in quantity, which should be done as early in spring as possible/ 

The application; of quick-limev of hellebore^ and of Paris green has been found 
Buooessful by Mr. Gleason, an extensive osier-grower in Syracuse, N, T.- 

The red osier, {Salim piirpurea)^ m e^^^oiRllj UM attack ot % gaU-wasp 

(Ce<Hdomma mlicis)i but its spread can 6© avoided by cutting and burning up aJi in- 
fectedrod$. 

jEfawesi.-^Osiers should be cut the first year^ even if no valuable toaterial can be 

got. If the cutting is delayed until the second year, branching takes place, and less 
valuable material is obtained. They should also be cut in the second and third years, 
but should be left uncut the fourth year to grow to hoop-poles in two to four years. 
If there be no sufficient market for hoop-poles the yearly cutting may be continued 
until the growth becomes too slim, which is generally in ten to fifteen years. Out- 
ting of rods should be dcftie during winter, from November 1 to March 1 ; cut as near 
the ground as possible. Keej) the rods in running Water, standing upright j 4 inches 
of the butts under water, until they peel easily, - 

Hand-peeled stock is preferred and Brings a higher price th^n steam-peeled rods; 
the price last year was from 6 to 8 cents per pmnd. In an average of five years 
the yield may be from 90 to 180 pounds per 100 stocks* Mr. 1= C. Plant, of Macon, 
Ga. , reports one and one-half tons from a three-years' plantation, planted 15 inchas 
in tlie rows and 5 feet apart, : 

: ; 111 this report credit is due in tte fig^ statistical tables to Mr. 

\]Sr. H. Eglestpiiy and in the compilation of notes for the list of timber 
trees to Mr. George B. Sndworth, of the ^^^^^ 

CMef of the Forestry Division, 

Son/ Norman J; CoLMAN, 

Commissiomn 
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PuhUmtions on Forestry. . 

Th© f ollowing^ are tlie principal American puMicationss on Forestry 
accessible to the general reader : 

Andrews, C. C; Report to Depfurtment 
of State on Forest Culture in Sweden; 
pp. 48; Washington, 1878. 

Auan, J. T, ; Prize Essay on Forest-grow- 
ing; Nebraska Hort. Soc; 1873. 

American Forestry Congre^; BuUetinft 
and Reports of Annual MiBetingSj 1883- 
1885, 

Barneys, E. E. ; Facts in Relation to the 

Catalpa; pp. 26; Dayton, Ohio^lSTS. 
Browne, D. J. ; The trees of America; 

pp. 530; 1846. 
Bryant, Arthur; Forest Treea; .pp. 248; 

1871. 

Galiforhia ; First Report State Board of 
Forestry; pp. S3&; 1886. 

Cleveland, H. W. S, ; Culture and Man- 
agement of Native Forests; pp. 16; 1882. 

CJooper, Ellwood; Forest Culture and Eu- 
calyptus Trees; pp. 237; 1876. 

Egleston, N. H. ; Handbook of Tree-plant- 

■ ing; pp. laO; 1884. r ■ 

- " Report on Forestry, Department of 

Agriculture; pp. 4S2; 1884. 
Elliot, F. R, ; Deciduous and Evergreen 

Trees and Shrubs; pp. 125; 1866, 
Emerson, G. B. ; Trees and Shrubs of 

Massachusetts, 2 vols. ; pp. 634; 1878; 
Flagg, Wilson; Woods and By-ways of 

New England, and Studies in Field and 

Forest, 2 vols.; 1857 ,_ 1872. . 
Failer, Andrew S. ; Practical Forestry ; 

pp. 300; 1884. / : 
— - Forest-tree Culturist; pp. I88rl869, 
Hale, P. M. ; Woods and Timbers of North 

Carolina; pp. 273; 1873. 
Hodges, Leonard B.; Forest-tree Plant- 
er's Manual; pp. 172. , 
Hoopes, Josiah; Book of Evergreens: pp. 
: 436; 1868. - - ^ : 

Hough, P. B. ; Reports on Forestry , S vols, f 

1879-'83. . ; ; : . _ - 

■ ■ : ■ Elements of Forestry; pp. 381: 
:"1882. : J t^if 

Iowa State Horticultural Society; For- 
estry Annuals from 1875, 

Kansas HGrtioultural Society; Forestrv 
Report for 1879. ' 

Marsh, George P, ; The Earth as Modified 
by Human Action; pp. 674; 1877. 

Ill ad|-ition Bhonldhe pixblications by the United 

States CfoYernment, chief among which are the annnal reports of the 
Department of Agricnltnr© and the special reports of its Division of 
Forestry -Professor Brewer's report, in the Census Eeport of 1870, on 
the Woodlands and Forestry Systems of the United States: Professor 
Sargent sreport on the Woods and Forests of the United States in 
the Gensns Report of 1880; and a translation of A. 0. Becquerel on 
Forests and their Glimatic Inflnence, in the Smithsonian Eeport for 
1869, 



Michaux, P. A, ; The North American 

, Sylva; 3 vols.; 1865. 

Northrop, B. G.; Tree-planting, Forestry 

in Europe, and other papers; pp. 160; 

1880-^85. 

Nutall, Thomas; The North American 
S:^lva: forest-trees not described by 
Michaux; 2 vols. ; 1865. 

Ohio; Proceedings of State Forestry As- 
sociation; pp. 67; 1886. ' : 

Ohio State Forestry Bureau; First An- 

: nual Report; pp. 314; 1886. 

Packard, A. S., jr. ; Insects Injurious to 
Forest and Shade l^ees; pp. 275; 1881. 

Peaslee, J ohn B. ; Trees and Tree-planting, 
with Exercises for the Celebration of 
Arbor Day; pp. 64. : - 

Pinney, George; Essays ob: Culture and 
Management of Forest Trees and Nat- 
ive Evergreens; pp. 51; 1869. 

Hper, R. W. ; The Trees of America; 1858. 

Phipps, R. W. ; Report to the Government 
of Ontario, Canada, on the Necessity of 
Preserving and Replanting Forests; pp. 
138; 1888. . - 

Porcher, F. P. ; Resources of the South- 
ern Fields and Forests; 8 vo, ; pp. 783 ; 
Charleston, 1869. 

Sargent, C. S. ^ The Woods of the United 
States. From the Tenth Census; 8vo., 
pp. 204; N. Y., 1885. 

— A few Suggestions on Tree-plant- 
ing. From Reports of Massachusetts 
Board of Agriculture; pp. 35; 1876, 

Small, H. B. ; Canadian Forest, Forest 
Trees, Timber, and Forest Products; 
pp.64; 1884, 

Steams, Robert E. C; Forest-tree Cult- 
ure in ealiforiiia; pp. 12; 1882. 

Valles, F. ; Influence of Forests upon 
Rainfall and Inundations. Translated 
by C. J. Allen. Government Printing 
Office, Washington; pp. 19; 1873. 

Warder, John A. ; Forestry and its Needs: 
pp. 16; 1878. 

— — Essay on Timber-planting in Ohio; 
pp. 9; 1880. ^ ^ ' 

— The Western Catalpa; Relations of 
Forestey to Agricuhnire; pp.24; 1881. 
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\SiE I I hare tHe honor to submit the following report of the inves- 
tigations of the Department in Economic Ornithology from the com- 
mencement of the work, July 1, 1885, to the present time. 

As you are aware, the Forty-eighth Congress appropriated $5,000 
for the promotion of economic ornithology, and made the work a 
branch of the Division of Entomology. The appropriation became 
available July; 1, 1885, at which time you commissioned me to take 
charge of the investigations, 

A year later, July 1, 1886, pursuant to an act of the Forty-nintli 
Congress, the work was separated from the Division of Entomology 
and made an independent division. At the same time its scope was 
enlarged and its usefulness greatly increased, since the appropria- 
tion of f 10^000 had been granted ^*ior the promotion of economic or- 
nithology and mammalogy ; an investigation of the food-habits, dis- 
tributiori, and migrations of "N'orth American birds and mammals in 
relation to agriculture, horticulture, and forestry/' 

The work of the division consists in the collection of facts relating 
to the above subjects, and in the preparation for distribution among 
farmers and others of special reports and bulletins upon birds and 
mammals which affect the interests of the farmer, and also upon the 
migratipn; and distribution of N'orth American species. In this way 
it is hoped to correct the present widespread ignorance concerning 
the injiirious and beneficial effects of our common birds and mam- 
mals, and to put a stop to the wholesale destruction of useful species 
now going on. 

IMPORTANCE OF THE SUBJECT. 

The food of all species consists either of animal matter or vegetable 
matter or both, and its consumption must be serviceable or prejudi- 
cial to the interests of mankind. Therefore, according to the food it 
eats, eachbird or mammal may be classed under oneof two headings- 
beneficial or injurious. Many species are both beneficial and inju- 
rious, and it is impossible to assign them to either category until the 
percentages of their food-elements have been positively determined 
and the sura of the good balanced against the sum of the evil. 

It is well known that certain birds and mamrdals are directly de- 
structive to farm crops, causing a loss of many thousands of dollars 
tech year, and that others are> highly beneficial, preying upon mice 
and insects which are injurious to vegetation; but the extent and sig- 
nificance of these effects and their bearing on practical agriculture 
is little understood. Morever, great difference of opinion exists, par- 
ticularly among farmers, a,s to whether certain well-known species 
are on the whole beneficial or injurious ; and many kinds which are 
of great practical value are killed whenever opportunity offers. For 
example, hawks and owls are almost universally regarded as detri- 
mental, while as a matter of fact most of them never touch poultry^ 

: : ^ : : (327) ■ 
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.but feed largely, and some almost exchisiyely, on mice and grasstop- 
pers. SkiinKS and weasels sometmes prey upon poultry^ anl^ 
reason are condemned and destroyed. But^ in reality, fully W per 
cent, of their food consists of mice and insects, and tlieir occasional 
depredations in tie poultry yard are unworthy of mention in view of 
their constant and unremitting services. In fact, I do not. hesitate 
to assert that a single skunk or jweasel nets the farmer m in dol- 
lars and cents each year than he loses from their depredations during 
his entire lifetime. And yet so short-sighted is he that he rarely 
lets slip a chance to kill them ; and were these animals more diurnal 
in hahits their race doubtless would be ere now well-nigh extermi- 
nated. It may be added that much of the mischief common^^ 
lited to the weasel and skunk is the work of the mink— the greatest 
enemy to j)oultry-farming^ in this country. It should be men- 
tioned in this Gonnection that the habit of killing poultry is by no 
means general among the animals that practise it. On the contrary,, 
it is liraited to comparatively few individuals, precisely as in the case 
of the domestic cat and dog. But when once the habit has been 
formed it 4s not likely to be abandoned ; : hence the guil^^^ 
should be killed as soon as possible, after the habit is^discover ed. 

THE PENNSYLVANIA " SCALP ACT" OF 1885. 

: Dnthe 23d of June, 1885,: the legislature of Pennsylvainia pas^^ 
an act known as the scalp act," ostensibly for the benefit of agri^ 
culture," which provides a bounty of 50 cents' each on _Hawks> Owls, 
Weasels, and Minks killed within the limits of the State, and a fee 
of 20 cents to the notary or justice taking the affidavit. 

By virtue of this act ahout $90,000 has been paid in bounties dur- 
ing 4he, year and, a h^ that has elapsed since the law went into 
effect. TH^ represents the destruction of at least 128,571 of tlie 
above-mentioned animals, most of which were Hawks and Gwls. 

Granting that five thousand chickens are killed= annually in Pehn- 
sylvania by Hawks^ and Owls/ and that they are worth 25 cents each 
(a liberal estimate in view of the fact that a large proportion of them 
are Idlled when very youngV tha would.be $1,550, and the 

poultry killed in a year and a half would be worth_$l,875/ Hence 
it appears that during the past Mghteen months the State of Penn- 
sylvania has expeMed 190,000 to save its farmer loss of $1,875. 
But this estimate by no means represents the actual loss to the 
farmer and tax-payer of the State, tt^i that in 

_ the course of a year every; Hawk and Owl destroys at least one 
thousand mice, or their equivalent in insects, and that each mouse 
or its equivalent so destroyed would cause the f armer a loss of 2 
cents per annum. Therefore, omitting all reference to the enormous 
increase in the numbers of these noxious animals when nature's 
means of holding them in chack has been removed, the lowest pos- 
sible estimate of the value to the farmer of each Hawk, Owl, and 
Weasel would be $20 a year, or 130 in a- year and a hai^ 

Hence, in addition to the $90,000 actually expended by the State 
in destroying- 128,571 of its benefactors, it has incurred a loss to its 
agricultural interests of at least $3,857,130, or a total loss of $3,947,- 
:130 in a year:ahd:a!ha^^^^ which is at the rate of $2,631,420 per annnm! 
In bther woM^^^ State has thrown away $2,105 for every dollar 
saved! And even this does not represeht fairly the full doss, for the 
slaughter of such a vast number of predaceous birds and mammals is 
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almost certain to be followed by a correspondiiigly enormons increase 
in the nnmbers of mice and insects formerly held in check by them^ 
and it will take many years to restore the balance thus blindly 
destroyed through ignorance of the economic relations of our com- 
mon birds and mammals. 

A knowledge of the food-habits of our common birds and mammals 
would benefit eyery intelligent farmer to the extent of many dollars 
each yearj and occasionally would saye him the loss of an entire crop. 
It would save certain States many thousands of dollars which they 
now throw away in bounties, and would add millions of dollars to the 
proceeds deriYed froiu Our agricultural industries. 

Hence it becomes the duty of to attempt to. educakte 
the farming classes in the truths of economic ornithology -and mam- 
malogy, ' ' ' ^ _ 

Among the many subjects now demanding the attention of the 
division are: The depredations of Ricebirds in the South; the status 
of the so-ealled English Sparrow in America; the trne status of the 
various birds of prey in relation to agricultnre; the depredations of 
Blackbirds in the grain-growing districts of the ISTorthwest; the de- 
striiction small f ruits by bird^ the depredations of small mam- 
malsy particularly in the West; and the true status of the several spe- 
cies of naammals which prey ugon poultry. 

PEOGEESS OB" THE WORK. 

EarljT in July, 1885^ a circular was pre^iared, explaining the ob jects 
of the inquiry and asking for information in reply to a number of 

questions concerning the food-habits of several of our well-known 
birds. At the same time a collection of the crops, gizzards, and stom- 
achs of birds was begun, for it was clear that in a comprehensive in- 
vestigation of this kind the stndy of a bird's habits in the field must 
be supplemented by a critiealexamination of its stomach-contents in 
the hiboratory. In this undertaking the Department has been aided 
by ornithologists throughout the country, many of whom have made 
large and valuable contributions, thus doubly utilizing birds killed 
for strictly scientific ^^p^ 

In collecting the facts necessary to a clear conception of the prac- 
tical side of the question a very large amount of information of great 
scientific value is incidentalljr brought together. The migra,tion ob- 
servers of the American Ornithologists' Union have accumulated a 
vast quantity of original material, the use of which has been freely 
accorded the division of ; economic ornithology. Moreover, a large 
proportion of the same observers continne to collect data and make 
reports, which, through the courtesy of the Union, are now sent di- 
rect to the Department. But the study of migration and distribution 
has been subordinated to the study of the more practical phases of the 
inquiry, for it is the bearing of these investigations upon the avoca- 
tions of the farmer and fruit-grower that chiefly concerns the Depart- 
ment of Agriculture. 

Therefore, in order to obtain a large array of facts, and in some 
cases the opinions of persons interested as well, I prepared the follow- 
ing ciroxilars, which, with the exception of the one addressed to rice- 
growers, were sent to the secretaries of the various agricultural and 
horticultural societies throughout the country, to the agricultural 
press, and to a large number of farmers and ornithologists. The cir- 
cular to rice-growers was sent to the addresses of as many rioe-plant* 
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era as Me DepM^tmeat warable to secure^ aM to the editors o£ MWS* 
papers pTitlished in tie ric^ 

Follomng are copies of the dirdulars issued "by the Divisioii of Ego- 
ncmiio OiMthologx^ a 18S6r 

V = ^^^^^^^^^^^^^ ^^^^^^^^^^^^ ^ - \ 

CIRCtJIiAit ON THE iB'OOD-HABrm Off 

It is well known that certain birds are directly destruotlTe to farm crops j causing 
a loss of many tiiotisanas of dollars each year, and that others are highly beneficial , 
preying upon mice and insects which are injurious to vegetation ; but #he extent and 
s^niflcanc© of the^e effectB, and their bearing on practical agriculture, is little un- 
derstood. Moreover , great difference of opinion exists, pai'ticularly among farmers, 
as to whether certain well-known species are, on the whole, beneficial or injurious ; 
and many kinds :Wluch are really of great practical value are _ killed whenever op- 
portunity offers. For example, hawks and owls are almost universally regarded as 
detrimental, while as a matter of fact most of them never touch poultiTs but feed 
laigely,-and some almost exclusively,' on mice and 

wholesale slaughter of smaU birj^ by serious 

increase of noxious insects ; and invasions of insects which threatened to devastate 
large tracts of country have fen cut neatly short by the timely services of some of 
our native birds. : : 

In view of the above facts, and many others which might be cited, it is clear that 
a comprehensive, systematic investigation of the interrelation of birds and agrir 
culture will prove of enormous value to farmers and horticulturists. Such an inves- 
tigation has been undertaken by the newly established Division of Economic Orni- 
thology of the Department of Agriculture, and the assistance and co-pperation of 
persons interested are earnestly sohcitexl. 

_The food of all birds consists either of animal matter or vegetable matter, or both, 
and its consumption must be serviceable or prejudicial to the mterests of mankind. 
Therefore, according to the food they eatj all birds may be classed under one of two 
headings-^b^nefloial or injurious. Many species are both beneficial and injurious, 
and it is impossible to assign them to either category until the percentages of their 
food-elements have been ipositively det^^ and the -sum of the good balanced 
against the sum of the evil 

In a very large pro^^ of our small birds the food varies considerably with the 
season, sometimes changing^ from vegetable tOBnimalj of from injurious to benefit 
oial. Furthermore, many birds feed their youtigf upon substances which the adults 
rarely or never eat; and the young on leaving me nest sometimes greedily devour 
things Virhich are discarded as they grow older. Hence it becomes necessary to as- 
certain the food of each species at different times oi the year and at different ages* 

information is desired on all questions relating to this mquiry, and special atten- 
tion is invited to the following i 

li Has the common Grow been observed to catch young chickens or to steal eggs t 

2. Has it been observed to eat corn or other cereals in the field ? If so, how long 
after _planting, and how extensive was the 

3. Has the Crow been observed to feed upon injurious insects ? If so, what kinds 
of insects were thus destroj^ed^ and to 

4. Has the Grow-Blackbird or Orakle been observed to carry off the young of the 
Robin or of other small birds, or to destroy their egg 

6. When breeding near the house, ^ been observed to drive off small birds, 
such as Bobins, Bluebirds, dsci> which had previously made their abode on the prem- 
ises? ^ ' - ■ : 

G. Has it been observed to eat corn or other cereals in the field? If so, how long 
after plantings and how extensive was th€i injt^ 

7. Has the Orow*Blackbird been observed to feed upon injurious irtseots? If so, 
what kinds of insects were thus destroyed, and to what extent t - 

8. What birds have been observed to feed upon or otherwise injur© buds or fol- 
iage, and what plants or fees have been so injured? 

9. What birds have been observed to feed extensively upon fruit? What kind or 
kinds of fruit have been most injured by each species, and how extensive have been 
the losses thus occasioned? 

10. The BoboHnk^^(^^^ Southern States) congregates in 
vast flocks during its mirations and commits extensive depredations in certain 
jparts-of the South. The division will be glad to receive detailed accounts of theg© 
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depreciations from persons livijig in the affected districts, to whom a special circular 
will be sent on apf>lication. 

11. What birdB are eonsidered to be injur ions to grain crops, and What 'kiiids are 
regarded as benefldial? On what facts arc these opinioi^s bast3d ? 

12. What birds have been observed to feed upon injurious insects ^ and Upon what 
kind or kinds does each bird feed? ' 

13. Do Blackbirds (other than the Crow^blackbird already mentioned) commit 
serious depredations in your vicinity? If so, which of the several species of Black- 
birds are eoncerned, and what crops are affected? 

14> Has any kind of bird been observed to feed upon the honey-bee? If so, what 
species, and how extensive has been the injmy do 

When possible, the exact date should be given of all occurrences reported. 

Persons willing to aid in the CGllection of birds' stomachs will be furnished with 
the necessary blanks and instructions. 

Special circulars on the English Bpairow and on the economic relations of mam- 
mals will be furnished on ap^cation. ^ 



aROUIJLB OK^ THB BNGMSH SPAEBOW. 

The Department of Agriculture desires facts, from personal observation, in answer 
to the following questions concerning the European House Sparrow, commonly 

called EngMi Bparrow in this country. ' ' - V 

I. Is your locality city, suburb, or country? 

II. Is the English Sparrow present in your vicinity^ If not, what is the nea-rest 
point at which you know it to occur ? If presenti When did it first appear ? 

Ill* Is it abundant and on the increase? 

IV, Is it protected by law? 

V. Is it artificially housed and fed? 

VL How many broodgi and young does a single pair rear in a season!? 

VII. Do any of our non-predatory- birds habituaUy resist encroachments of , or at- 
tempt to drive ofi, the EsigUsh Sparrow unless themselves first attackedf and with 

- what success? " 

VIII. Which of our native birds attempt to reclaim former nesting sites whea 

these are occupied by tfee Sparrows? State examples. 

IX. Has the English Sparrow been observed to molest or drive off any of our 
native birds? If so, what species are so molested or expelled from: theii* former 
hauhts? 

X. Does it injure shade, fruit, dr ornamental trees or irines ? 
XL Does it injure garden fruits and wgelables? 

XII. Does it injure pahi crops I 

XIII. Has any case m which it has been of meffked benefit to the fariner or hor- 
ticulturist come under your notice? If so, in what way has the benefit been dei- 

rived? 

XIV. Under what circumstances does it feed upon insects? What kinds of in- 
jurious or beneficial iaseots or their larvas does it destroy, and to what extent ? 

XV. What means, if any, have he^ taken to restrict the increase of the Hktglisli 

Bparrow? 

XVI. What is the prevailing public sentiment in respect to the bird? 
Information is particularly desired concerning the presence of the English Spar- _ 

row m the Southern States and in the region west of the Mississippi. 



CIECtJtAE ON^E EGONGMICTBELATW^ 

The Department of Agriculture desires information concerning the effects of mam- 
mals upon agriculture^ and soUoits repMes to the foUowing questions; 
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TostOGh-ra%$enf*s(milmfr 

1. Have you personal liiowledge of one or raore cases in wBioli cattle, horses, 
sheep, or pigs have been killed or injured by Bears, Wolves, or Panthers (known in 
the West as Mountain I^^ H so, give full particulars. 

To poultry fgmMers^ 

2, Have you personal knowledge of the loss of turkeys, geese, ducks, chickens, or 
doveB from the attacks of predatory manmials? If so, how many and what kinds 
were killed on each occasion ? In each case mention the animal by whiofe you sup- 
pose the nuschiefwas^^d^ 

3^ What niammal^ 

To farmers^ fruit-growers fUn^ 

4. What mammals, if any, are injurious to grain crops in your neighborhood? In 
eaeii case state whether the injury is occasioned direcU.y by the consumption or the 
trampling of the grain, or by tunnels imderneath the surf ace. Is the loss thus occa- 
sioned of triflLlng or serious cpnseiguence? 

5. What mammals, if any, are mjxirious to fruJi, and what kind or kinds of fruit 
are eaten by each species? Is the loss thiis occasioned of Mfling or serious conse- 
quence? 

6o What mammals, if any, are injurious to vegetables, and what kind or kinds of 
vegetables are eaten by eact Bpeoies? Is the loss thus occasioned of trifling or seri- 
ous consequence? 

7. What maiimi^ if any, are injuriom to meadows and pastures? In what 
manner are the injurieg committed? : Is ^he loss thus ocoasioned of trifling or seri- 
ous epnseqpience? ; : 

8. Are your fields subject to periodical invasions of Meadow Mice (ArvicolcB)! ft 
so, can you give the exact dates of one or more of such invasions? 

9. What mammals, if any, are injurious to f crest ^ shade, fruit, or ornamental trees 
or shi'ubB? What kind or kitids of trees or shrubs are injured by each, and in what 
manner, and at what season is the damage done? Is the loss thus ocoasioned of 
trifling or serioife consequence? 

^10, Have you personal knowledge an inst^ 

been injured by stepping ittto the burrows of Woodchucks, Miiskrats, cr Badgers? 
If ii5o, give particulars. ; . - - " - . " . 

11. What mammals, if any, are benefi^cial to the fanner? In what manner are 
these benefits derived? V 

ToHce-^^ 

_ 12, Are rats troublesome on your plantation ? If so, are they injurious by feeding 
direGtl;f upon the newly-planted rioe, or by burrowing in the dikes, or both? Can 
you estimate the annual pecuniary loss thus occasioned? 

13. Do any othersmail manimals affect the interests of the rice-grower? If so, 
what khid or kinds, £uad to what eatoiU 

To hop^rowers, 

14» What mammals, if any, affect the interests of the hop-grower? In what man- 
ner and to what extent are these effeofe^m 

- IS. the common mouse about dwellings, barns, and out-buildings in your neigh- 
borhood the White-footed or the House MouBe, or are both present? In the latter 
case, which is most abundant? If uncertain as to the species, please send a speci- 
men (the head wiR suffice) to the Department for identification. 

16, What mammals, ie any, injxire or deface buildiiigs, household Roods, books, 
OTpapers? : 

J ' I^^* or other embankments, dams, dikes, or 

%ains? Is the damage thus oecasioned of serious or trifling consequence? 

In your opinion^ are Moles benefioM or injurious? On what facts is this 
opmion basedl - - - v _ . - ; : - - - ; - 
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19. In your opinion, are Skunks beneficial or injurious? On what facts is this 
opinion based? 

20. Do you know of one or inore instances in which the increase of a species of 
economic importance has been limited by the abundance of its natural enemies? If 
so, give particulars. - : - ; v ; >: 

In the Mississippi Valley, and the region between it and the Pacific, numerous 
small rodents called Gophers do great damage to farms and cf ope. There ara two 
principai kinds, Pocket Gophers, which Hve mostly under ground, and are charac- 
terized by external cheek-pouches and unusually large fore-claws (Geomys and 
Thomomys), and Gophers or Ground Squirrels, which live mostly above ground, and 
have neither external cheek-pouches nor claws of unusual size (Spermophilus and 
Tamias). Of these the common little Striped Gopher (Spermophilus tridecemline- 
a^its) and the large gray " Line-tailed " SpermopMle (Spermophilus grammwrm) arid 
its varieties are most abundant and widely distributed, and occasion the greatest 
losses to grain crops. Numerous i:>ther species, more or less local, affect the farmer's 
interests very appreciably. 

Detailed information is desired concerning the. habits and ravages of all these 
Gophers. Such information should be accompanied by a specimen (si. rough skin 
will suffice) for positive identification. 

The above remarks apply with equal force to the various small mammals known 
as Kangaroo Rats and Mice, Pocket Rats and Mice, Wood llats and Mice, Scg, 

In answering this circular please mention your pccupatiori. If a farmer, state 
the size and character of your farm^ and mention the principal crop^ which you 
cultivate. : , , / : . , 

Write yoxir nam© ajid post-office addf ess 



m»TRUCTIONS FOR THE OOLLEOTION OF STOMACHS^ 

In investigating the economic relations of birds and mammals it is necessary to 
determine with accuracy the character of the food upon which the various kinds 
subsist. This is particularly important in the case of species which are known to 
exert an influence, beneficial or othervnse,. upon certain farm and garden crops, 
Hence the Department of AgTiculture desires to Secure, a collection of the stomachs 
and gizzards of our native mammals and birds, particujlarly of those which are sup- 
posed to jaffecta^gricultii^ _ I 

Method of prepixra^^ 
All specimens sliould be preserved in 90 p 

A stout paper tag should be attached to each stomaph or gizzard by means of a 
strong thread or fine wire, which should be passed -dir|ectly through its. substance. 
Each tag should be numbered (in hard pencil) to correspond with the nundber given 
the specimen on the accompanying blank. Some birds, particularly in the breeding 
season, carry food in the gullet or crop. In such cases these portions of the aliment- 
ary tract should be preserved, and should bear the same number that is given the 
gizzard of the same individual. . 

Stomachs of the following species are especially desired: 

^irc^s.— Hawks, Owls, Crows, Jays, Blackbirds, Gowbird, Shrikes, Cuckoos, Caro- 
lina Dove, Woodpeckers, Quail, English Sparrow, Bobolink or Rice-bird, Kingbird 
or Bee Martin. : : t 

ilfammaZs.— Fox, Skunk, :Mink, Weasels, Badger, Raccoon, Opossum, Squirrels, 
Ground Squirrels, Gopher,s, Mice, Moles, Shrews, Bats. 

In the case of Mice, Moles, Shrews, and Bats, the entire animal should be sent, in 
order that the species may be fully identified. 
A number of specimens may be x>reserved in a single wide-mouthed bottle or jar. 
Persons willing to aid in the collection of stornachs wiU be furnished with blanks 
on which to record the necessary data, . i. - 

Transportation charges will be paid by^^^^ 
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OiketJLAB TO mcE-aRow 

file pepaitment of Agriculture desires the ca-Gperation of rice-powers ift its 
atteffipt to seciire iTTist worthy mte the extent of the injury 

aiinualiy done the rice crop by certain birds, chiefly the Bobolmk or Rice-bird and the 
Red-Winged Blackbird; and in devising sdme measnre or meamires, consistent tvith 
reasonable economy, for the diMnution> if not the preyention/ of this loss. 

Inf ormation in reply to the felioifdng qla^ 
y IV ^Ajpe you a rice planter? : ' 

3. I^at is th^ aTera^e^^^^ 

4. What do you consider a fair; 6Btte iiYi&rd,ge annual loss per acre occa- 
sioned by birds? r - . . . - 

5. Please cite a few extreme oases. - 

6. What percentage of this loss is due directly to the f alue of the rice consumed^ 
and wha^j indireotly to the cost of gal^ieting ana thsfash^ grain? 

7. What is the ayerage annual cost per acre of ineftsures employed for tihe pre- 
vention or diminution of this loss ? :/[ \ \ ' 

_8. In addition to the use of fire-arms, ajad Whip^^ What inea^ if any, are em- 
ployed for this purpose i - 

•9. How many " bird-minders are employed annually upon your plantation dur- 
ing the fall invasion of Rice-birds? 

10. How many pounds of gunpowder are consumed ahnually during this period ? 

11. Is shot now used on your plantation ? If so, in what quantity ?; / 
1^. What kind or kinds of birds are most destructive to ric 

13. At what time of the year and for how long a period are these birds present ? 

14. Wliat is the greatest number of Rice-hirde that you have known to be killed in 
a single season? 

15. Does the rice crop on your plantation sustain a loss from the depredations of 
birds at time of planting in spring? If " so, what is the average loss per acre at this 

time? 

Any information relating to the subject, though not covered by the above ques- 
tiohs^ wttlbe thanMully received* 

III some eases the above ci^oiitos were accompanied by soliediiles* 
Tke nuiabet of each diatribTited the follomng state- 

V V CIRGULABS AND SCHEDrLES DISTRIBUTED. 

Circulars: 

; On the food-habits of bkds . . . . . ..... .... w ...... . . . 4, 000 

OntheEnglishBparrow..^...v..i... 4,000 

On the economio relations of naarOEnals.^ ^ . 3> 500 

Qii the collection of birds' stomaolis i ... ....... . . . . ....... i . . . . . 600 

Torice»^oWers ..^V^^.Vi.. .7.*. ;v...i.. •...V. 600 

- _ .. _ " _ ____ itf00 

gchedules^ _ . 

: On the Enghsh %arrow. ^/..i..^ 5,000 
Oh migration ... , . . . . . . . . . .... . ... . . , , , . , 1, 500 

Btomachblanks....i..... .... .v....^ 500 



•Total of circulars and schedules distributed from July 1 to December 
: ^ 10. 1886. ...... yvv.vr. .18,700 

This number does hot include circular letters, of which %345 have been sent out; 
making 21^045 in all* 

The eorrespondence of the division is so large that it is very bur- 
densome. More than, f omr thousaixd letters war© acknowledged dur- 
ing the six months ending December 31, 1888. : 

At the outset it was seen that two birds pre-eminently clairaed the 
immediate attention of the diyision, namely, the so-called English 
Sparrow (Passer aomesMeifcs)^ and the Bobolink or Bice-bird (Doli- 
cmnya^^ryzivorus). These birds, by their numerical abundance, the 
extent of the damages they were said to cause at certain times of the 
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year, and the widespread diflPerence of opinion in regard to their eco- 
nomic status as a whole, demanded searching and systematic investi* 
gation) hence they have been made subjects of special research* 



Cook Sparrow. (From YarreU.) 

The English Sparrow {Passer domesticus) * 

Questions relating to the English Sparrow were contained in the 
first circular on economic ornithology issued by the Department (in 
July, 1885). Subsequently these questions were amplified, and dur- 
ing the current year a special circular and schedule were prepared, 
upwards of five thousand copies of which have been distributed. To 
date, replies have been received from about thirty-two hundred 
persons. They contain a vast amount of valuable information, which 
is now being collated for publication. In order to be able in future 
years to determine the rate of spread of the Sparrow over regions 
which it does not now occupy, the Department has ascertained, with 
as much precision as possible, the exact limits of its distribution at 
the present time, and has shown the same by means of the accom- 

Eanying colored map. In addition to the material collected by the 
department of Agriculture, the American Ornithologists' Union has 
turned over to the division the results of its investigations, begun in 
1883, on the eligibility or ineligibility of the European House Spar- 
row in America. This material has been since collated and arranged 
by Dr. F. H. Hoadley, who, from interest in the subject, kindly volun- 
teered his services. 

In advance of the publication of the special bulletin on the English 
Sparrow question, which will contain in detail the evidence on which 
the following statements are based, it is thought desirable at the 



*The true name of this bird is the " House Sparrow." The name " English Spar- 
row" is a misnomer, as the species is not confined to England, but is native to 
nearly the whole of Europe. The fact that most of the birds brought to America 
came from England explains the origin of the misleading name by which it is now 
so widely and universally known that any attempt to change it would be futile. 
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preserit time to set forth, some of tlie results of the investigatioii for 
the inf ormation of the general puhlic, an^ to mate Gertain recom- 
mendations to the legislative bodies of the various States, in order 
that they may enact, at as early a date as possible^ sueh laws as are 
demianded. f or the protectipn of their agricultiiral industries. 

JntroducUm of the 

Tlie Englisli Sparrow was first brought to this country, so far as 
authentic information lias reach^ the fall of 

1850, when tke Hon, Mcolas Pike and other directors of the 
Brooklyn Institute imported eight pMrs i^ They 
were artificially housed over winter early in the follow- 

ing year; but tbey did not thriye, In 1852 a larger colony was im- 
ported. These birds are said to have multiplied and spread over 
Long Island and adjacent parts of New York and New Jersey. In 
1858, aoid at subsequent dates, independent importations were made, 
and cplonies were planted in Portland, Me.^ Peaceda^ R, I. ; New 
York^ Philadelphia^ and other Eastern cities. In most cases the 
birds did weU^ They multiplied and spread gradually to neighbor- 
ing towns. But the process of diffusion was slow at first, and it was 
not until 1870 that the species X3an be said to have firmly establisbed 
itself throughout the Eastern States, and to have begun in earnest 
its westward marchr From this time to the present, the marvelous 
rapidity of its multiplication, the surpassing swiftness of its exten- 
sion, and the prodigious size of the area it has overspread are with- 
out parallel in the history of any bird. Like a noxious weed trans- 

Elanted to a fertile soil, it hm taken over 
_ alf a continent bef ore the signifi^cance of its presence has come to be 
understood. The explanation of 'this phenomenal invasion must be 
found in part in the peculiar impetus usually given prolific species 
Wben carried to a new country where th.e conditions for existence are 
in every way favorable; and in part in its exceptional adaptability 
to a diversity of pbysical and climatic conditions. This adajptability 
has enabled it not only^t^^ endure slike the tropical heat of Austrar 
lia a,nd the frigid winter of Canada, but to thrive aild become a bur- 
densonie pest in both of these widely separated lands. 

The English Sparrow is a hardy, prolific, and aggTessiv^ bird, pos- 
sessed of much intelligence and more than ordinary cunm It is 
domestic and gregarious in habit, and takes advantage of the protec- 
tion afforded by proximity to man, thus escaping nearly all of the 
enemies which check the abundance of our native birds. Moreover, 
for many years it was looked upon with, favor, and both food and 
shelter were provided it. 

Rate of increase of the Sparrow. 

Its fecundity is amazing^ In the latitude of New York and south- 
ward it hatchea, as a rule, five or six broods in a season, with from four 
V to six young in a brood. Assuming the average annual product of 
a pair to be twenty-four young, of which half are females and half 
males, and assuming further, for the sake of computation, that all 
live, together with their offspring, it will be seen that in ten years 
the progeny of a single pair would be 275,716,983,698. TMs will ap- 
pear ia detail &om flaefoUo^sraigr 
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TahU showing the mnual inermm cmd ih^ English Sparrows, the 

progeny of a single pair, in successive seasons for ten years ^ assundng that all 

lived. : - \- " : - 



Years. 


Number of pairs 
breeding. 


Number of pairs 
of young. 


Total number of 
pairs. 


Total nuniber 
of birds, _ 


Mrst.; , . ... . . . ..... ^ 


1 

13 
169 
2, 197 
28,561 
871,293 
4,826,809 
62,748,517 
815,730,721 
10,604,499,373 


12 
156 
2,028 
28,364 
342,732 
4,465,516 
: 57,921,708 
754,982,204 
9,788,768,652 
127,253*993,476 


13 

169 
2,197 
28,561 
371,293 
4,826,809 
62,748,517 
815,730,721 
10,604,499,873 
187,858,491,849 


26 

:': 338 
4,894 
67, 122 
7^,586 
9,653,618 
125,497,034 
1,681,461,442 
21,208,998,746 
276,716,988,698 










Seventh ... . . , . ............. 

Eighth . . .... * ... 







Method of diffusion 

** A^ the towns and villages become filled to repletion the overflow moves off into 
the country, and the Sparrow's range is thus gradually extended. Occasionally, 
however, it is suddenly transported to considerable distances by going to roost in 
empty box-cars and traveling hundreds of miles. When let out again it is quite as 
much at hotne as in its native town. In this way it reached St. John, New 
Brunswick, in 1883, on board the railroad trains from the west. In lik^ manner 
another colony arrived March 1, 1884, in gi:ain cars from Montreal. Similarly it 
appeared at Moncton, Frederickton, and Saint Stephen, in Canada, and in a number 
ortowns in the United States." (Hoadley MS.) 

Aside from this accidental means of mde dispersion, small colonies 
have be€sn pnrposely carried from time to time to various localities 
beyond IJie limit of its regidax advance^'arid these in turn have be- 
come centers of diffusion. Prominent examples of this sort, may be 
seen in the large colonies now inhabiting California, the basin of the 
Q-reat Salt Lake, and the region bordering the Lower Mississippij in 
Louisiana. 

The method by which the Sparrows spread without the aid of man 
is peculiar. They first invade the larger cities, then the smaller cities 
ana towns^ then the villages and hamlets, and finally the populous 
fa^iniiig^ districts. ^^^^ } ^ - 

Rate of spread of the Sparrow, and extent of area occupied at the 

Close of the year 1SS6, 

In the vear 1886 the English Sparrow was found to have established 
itself in thirty-five States and five Territories. Of these it occupies 
the whole or large parts of the following thirty-three States and two 
Territories: Alaibama, Arkansas, California, Connecticut, Delaware, 
District of Columbia, Georgia, Illinois, Indiana, Iowa, Kansas, Een- 
tucky, Louisiana, Maine, Maryland, Massachusetts, Michigan, Min-- 
nesota, Mississippi, Missouri, Nebraska, ISTew Hampshire, New Jer- 
sey, New York, North Carolina, Ohio/ Pennsylvania, Rhode Island, 
South Oarolina, Tennessee, Utah, Vermont, Virginia, West Virginia, 
and Wisconsin, and is found in a few towns in Florida, Texas, Wj^- 
oming, Idaho, and Arizona. Small, isolated colonies may exist in a 
few other Territories, but if so they have escaped the searching in- 
quiry of the Department. In the IJnited States the total area occu- 
pied at the close of the year 1886 is 885,000 square miles,* in Canada 
it is not quite 148,000 square miles; in aU, 1,0 square miles.* 

*T^e data on which the computation of the Canadian area is based are insufii- 
cientj consequently the size of the area here given must be regarded as approximate 
only. The t nited States area, however, may be looked upon as very nearly exact. 
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Some idea of tHe alarming rapidity witli wMeli it is at the present 
moment multiplying and extending its range may be had from the 
fact that in the. United States alone it has spread dnrmg the past 
fifteen years at the average rate of 59,000 square miles per year, and 
in the United States and Canada tagether at the rate of 69,000 square 
miles per year. But this awf age rate manifestly is misleading, so 
far as hoth extremes are concerned, for species increase in geometri- 
cal ratio. The rate for some time after 1870 was comparatiyely slow, 
while during the present decade it has progressed with astonishing 
rapidity, till in the year 1886 the new territory invaded must have 
reached the enormous number of 516,600 gquare miles, as maybe 
seen from thBlollowingr^;^ - 

Table slmmng approximately tlie ^tendon m square miles of the English Spai^^ow, 
inperiods of five years each, from ISIO fill 1885, artd its extension during the year 

^' Square miles. 

From 18'rO to 1875 it spread over . , . ... ............. . . ...... . . . . . . . 50^ 

IVom 1875 to 1880 it spread over . . .... ... .... . ... ... ..... . >. , . .. • - • " J^^SS 

Fi^om 1880 to 1885 It spread over ... ...... ... . . . .... , . . 500, 7bO 

In t^ jeai^ 1880 it spread ov®c... . . . . .. , .>. . . ... . ». >. .... . 516,500 

^^^^^^^^^^^^^^^ !^ 

Of all the native birds which habitually make their homes near the 
abodesof man, the Martin is the only speci is able to hold its 

own against the Sparrows, and numerous instances are on record 
wl^re even the M beaten and forced to abandon its 

former nestihg'places by these belligerent aliens. It sometimes hap- 
pens that the martin is tilled outright, as appears from the following 
acckmnt, just rebd^^ F, H. Eang, /of River Falls, Wis. : 

IVIr H Baker, of Ferlin, Wis., lias related to me that last summer he was a 
witness of a conflict between some English farrows and Purple Martins, in which 
the Sparrows were trying to get possession of breeding-places which had been occu- 
pied for seTeral yeaxs by the Maaians. The Sparrows liad congregated in a large 
flock upon a tree standing near a building, in the cornice under the eaves of which 
the Maxtins had their nests. From tins point a mmiber of Sparrows would together 
attack the Martins, and then return to the tree, to be foUowed by a similar squad. 
This method of attack was followed until three Martins had been killed, some of the 
Martins having had their eyes picked out. It need hardly be added that the Mar- 
tins were forced to leave. The same gentleman tells m© that he saw the Sparrows 
kill in the same manner a bird^ the name of which he did hot know, in the city of 
Milwaukee, 

The hirds which have suffered most £rom the English Sparrow, and 
whose cheery presence in the parks and lawns in the nesting season 
we nalonger, or only rarely; enjoy are the Robin, Catbird, Bluehirdj 
"Wren, Song Sparrow, Chipping Sparrow, Yellow-bird, Oriole, Vireo, 
and Phoebe. Not only does the Sparrow drive away and sometimes 
MlHhe adult birds, but when it flnds^t^ it throws out the eggs 

and young, and not infrequently feasts upon them. Dr. B. Harry 
Warren, State ondthx)logist of Peimsylvs^^ writes: 

Our native birds have rapidly and steadity diminished in numbers since the 
Sparrows came. Former plentiful residents are rare. Even transient visitants and 
imKrants have been so pursued by the usurper that they now seem to avoid West 
Chester as a plague^stricken spot. In 1877 I saw two Cock Sparrows attack a nest 

* This table of necessity is largely theoretical^ though the ratio of increase must 
be very nearly correct. Xear by year much of thexeproductive energy^f the Spar-- 
row is expended in filling up the smaller towns and villages of the area which, so 
far as the larger towns and cities are concerned, it covered some thne previously. 
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of the Warbling yireo in the absence of the parent birds, pull out one at a time the 
four half -fledged ^jccupants, and drop them on the ground. After partly destroying 
the nest the Sparrows alighted on the ground beside their Tiotims, and, being re- 
enforced by several of their kin, proceeded to enjoy the sanguinary repast* 

Numeroiis parallel cases j^ave been reporteid/and will be p"ublished 
in the bnlletin on the SparTO 

The Sparrow an enemy to the gardener and frmt-grower. 

In addition to the indirect injury thus bronght about by depriving 
our gardens and orchards of the protection afforded by onr native 
insectivorous birds, the Sparrows cause a positive and direct loss to 
our agricultural industries amounting in the aggregate to n^^ 
several millions of dollars per annum. The damage done by the Bice- 
bird is limited to a single crop, and taktes place during a few weeks in 
spring and fall, but the ravages of the English Sparrow affect almost 
every crop produced by the farmer, fruit-grower, and truck gardener, 
and extend over the entire year. Indeed, it is safe to say that it now 
exerts a more marked effect upon the agricultural interests of this 
country than any other species of bird| and its unprecedented increase 
and spread, taken in conneGtxon with the extent of its ravages in cer- 
tain dfistricts, may be regarded with grave apprehension. In the early 
spring it prevents the growth of a vast quantity of fruit by eating the 
germs from the fruit-buds of trees, bushes, and vines, of which the 
peach, pear, plum, oherry> apple^ apricot^ currant, and grape suffer 
. .most, . - ^ ^ : - - ^- ' - 

*.* Lettuce, peas, beets, ratMshes, cabbage, and cauliflower are attacked in turn, and 
devoured as soon as they-show their he&s above the ground, and in many cases the 
seed is taken out of the earth before it has germihated. So extensive is the injury 
thus done, that in many localities it has been found necessary to cover the garden- 
beds with netting. "Whenever the buds are so fortunate as to escape, the ripening 
fruit appeals strongly to the Sparrow's appetite, and different varieties are attacked, 
injured, or destroyed in turn as they mature. AU sorts of garden products, vegeta- 
bies, berries^ grapes, and even the larger fruits, are greedily fed upon or muti&ted 
to such an extent as to unfit them for market. The magnitude of the havoc wrought 
in orchards and vineyards is shown by ths melancholy accounts given by fruit- 
growers in every section of the country where it has become numerous*" (Hoad- 

. ley-m)- ■ - ■ - - - - - ' . - - ■ ■ . ^ 

; Mr. Jabez We^^ 

I have seen flocks of jSfty or more stay about my raspberries, constantly flying 

backwards and forwards, taking quarts of the best fruit, and coming very close to 

thepickers. 

Mr. "W. G. Percy, of Black Hawk, La. , writes: 

They desti-oy more tomatoes, peas, beans, &o.j than any other bird. In 1884 and" 
1885 they ruined the peach and apple crop. 

Mr. Jolin H. Strider, of Halltown^ W. Va./ writes: ' 
It nips fruit blossoms, destroys early peas and cabbages, and later in the season 
garden seeds ; is very destructive to sunflower seed. 

Norman A^^^^ 

They eat green peas as fast as they grow ; also raspberries, blackberries, and straw- 
berries. 

H. H. Beesonj of New Marketj^ 1^^ 

They peck grapes, strawberries, tomatoes, plums, peaches, and pears, causing them 
to decay. - 

Mr. F. M. Webster, of La Fayette, Ind,, wrtt^^ 

The English Sparrow is destroying my apples. I have two or three trees in my 
garden, and soon as the fi-uit gets meUow the Sparrows peck holes in it, and it 
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either drops to the ground or decays on the trees. These birds are worse than all 
other apple pests combined, I can hardly get a single apple fit to eat ; they have 
destroyed nearly if not quite three-fourths of them. A neighbor across the way ia 
troubled in the same manner. 

An apple pecked as above described and kindly sent to the Depart- 
ment by Mr. Webster is figured in the accompanying cut. 



From orchard of F. M. Webster, Lafayette» Indiana, October 7, 1886. 



The Sparrow an enemy to grape outhire. 

The grape industry, which is one of rapidly increasing consequence 
in this country, encounters in the English Sparrow an enemy second 
only to the Phylloxera and certain fungus growths. Already in some 
parts of the East it has become such a scourge that grape culture can 
no longer be carried on with profit, it being necessary to inclose the 
ripening clusters in bags to insure their protection. At the end of 
the season of 1886 bitter complaints of damage done the grape crop 
by Sparrows had reached the Department from twenty-five States 
and the District of Columbia, as follows : Alabama, Arkansas, Cali- 
fornia, Connecticut, District of Columbia, Georgia, Illinois, Indiana, 
Kansas, Kentucky, Louisiana, Maine, Maryland, Massachusetts, Mich- 
igan, Mississippi, ^tsTew Jersey, New York, ISTorth Carolina, Ohio, Penn- 
sylvania, South Carolina, Tennessee, Vermont, Virginia, and West 
'V'irginia. 

In California, where this industry is of paramount importance, the 
English sparrow has taken firm root and is multiplying and spread- 




Apple pecked by English Sparrows. 
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ing vdijli ominous rapidity; and unless steps are taken to wipe out 
the pest at tlie earliest possible moment the result will entail a loss 
to the State of many thousands, if not millions, of dollars. In this 
connection it is not reassuring to read, in the evidence collected and 
published by the Australian GoYernment in 1881, that " in the short 
space of ten days the Sparrows took a ton and a half of grapes " from 
the vineyard of John Chambers, of South Eichland. Of the hundreds 
of testimonials which have been sent the Department of Agriculture 
by practical fruit-growers, the following are suggestive examples- 

Last year, when I had a large crop of very fine grapes, I found that the Sparrows 
were destroying nearly all of them. I watched the birds, and found that they would 
pick out a fine bunch of fruit and peck a hole in nearly every grape. This hole 
would be so Tery small that at first it would not be noticed, but very soon the place 
would begin to decay, and then the gTape would be ruined. 

The postmaster at Bowling Grreen, Ky., writes : 
Xt has ruined the grape crop alraost wholly wh^ 

It frequently despoils whole grape-vines of their iTuit, and pecks the bunches so 
that they have to be protected by paper bags. . 

Mr* Thomas S. Kennedy, of Grescent H^^^ 

It eats strawberries, raspberries, and gi'apes. This past season it has been uhusu- 
ally destructive, and has torn the paper bags from the bunches of grapes/ It 'aiso 
- eats holes in apples and pears hanging on the trees. 

The Sparroiv an enemy to the grain-grower. 

-f* Annoying and injurious as the Sparrow is to the.fruit-grower and vegetable gar- 
dener, the loss it inflicts on the producer of cereals is even greater. Though for its 
permanent residence it prefers populous localities and places of abundant trafiic and 
: commotion, still, in anticipation of the harvest season, it gathers in enormous flocks, 
and, leaving the cities and towns, moves off into the surrounding country to feed 
upon the ripening grain. Its consumption and waste of corn, wheat, rye, oats, bar- 
ley, and buckwheat in many parts of the coimtry is enormous. It feeds upon the 
kernel when it is in the soft, milky state, as w^ell as w-hen it has matured and har- 
dened; and in fields of ripe grain it scatters upon the ground even more than it con- 
sumes. Instances have been reported where in the place of a full or fair crop only 
the straw remained to be gathered. ''—(Hoadley MS.) 

Mr. Andrew Gray, of Willough.hy, OMo, in a recent lett to the 
.Gommissioner of Agriculture, states : 
- This is to inform you that I drilled in the seed-wheat which you sent me. I sowed 
it on rich sandy soil, a.nd it came tlii'ough the winter well and gave promise of a, 
splendid crop, especially the Diehl Mediterranean, v^^hich looked the most promising, 
^} Ithongh the Martin Amber did very well. But alas for human hopes ! About four 
or five days before it was ready to cut I went to see how it was getting along, and 
found that the English Sparrows had harvested the crop. Their first choice was 
the Martin Amber, the next was the piehl Mediterranean, and the last the Clawson. 
I saved about a peck of seed. I think I can safely say that I would have got as 
much as one and one-half bushels of seed from_ the two quarts of seed you sent me 
if the Sparrows had let it alone. - 

; Mr. William Holmead, of Momit Pl^^ D.C, whose business 
it is to raise fruits, vegetahles, and grain for the market, writes: 

In 1883 rput part of my farm in wheat. After cutting and shocking it the Spar- 
rows came by thousands and destroyed_ every head of grain exposed; after it was 
stacked preparatory to thrashing they covered the wliole stack. I had to shoot at 
them two or three times a day to scare them away, and upon thrashing it was esti- 
mated that fully one-tenth of the crop was destroyed. One of my neighbors esti- 
mated that one-half of his wheat was eaten by the Sparrows last year. This year I 
had about four acres in oats* When the oats were put in the barracks the field was 
filled with thousands of Sparrows, and when they had cleaned the field they attacked 

16 Aa— '86 
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tliB oats in tlie barracks and destroyed all that was exposed. Sugar and field corn 
wKen green are wyimiGii damaged bj them. They teai the ends of the ears mid eat 
tlii corn in the same manner as Grows. _ 

Dt. B. Harry Warren/State QmitkolDgist of Pennsylvania, writes: ; 

The Soarrowgmatly damages the oorn; crc^, t the husks, ^devonring 

t'ie tender part of the ear, and exposing the remainder to the ravages of insects and 
to atino8nherie changes. It aiighfe on fields of wheat, oats, and barley, consuming 
a iar^e quantity, and, by swaying to and fro on the slender stalks and tlappmg its 
wings showers tlie remainder on th^ ground. _ . - . 

Mr. M. Clark, of the District of GoMmbia, states: 

The Sparrows stripped my entire crop^^^^^ not leavmg a kernel on the 

ear. ; V.,.. : " - ^ .- . - . - ^ ; . \ . . 

Mr.: Eobert Bidgway, ornitliologist of the United States National 

Mnsenm, -writes: v - ; " 

In the summer of 1886 I saw flocks of hundredig of EngHsh Sparrows feeding on 
grain in Btaeks in Prince William County, Yirginia; have also seen the, same else- 
where. / .]-: ^- - : . --r_ '. V " ..^ ' ^ " 

Mr. Frank S. Piatt, of ¥ew Haven, €onn., writes. : 

Cradled a small piece of oats, and the Sparrows gathered on the shocks in SFUch 
fiocks that I shot fif ty-f our with one barrel and thirty-five with the other, in our 
seed gardens we had to keep; a bofr all the-time to prevent waste of turmp, cabbage, 
and other seeds. ;: . / 

Mr. Jolm Cordeanx, tlie veteran ornitliologist of England, says lie 
has .^een acres of .<4rain wMcIl had the appearance of having been 
thrashed with a flail after it had been invaded by the Sparrows.. 

Already the. English Sparrow has invaded the rice fields in certain 
: pai*ts of the South, where it threatens to rival the Bobolink in the 
extent of its ravages. Indeed, one planter writes from Plaqnenxines 
Parish, Lonisiaila, that it is more destructive now than the Rice-bird 

or Blacfcbird. " ■ / - - ■ - 

. Effect on arcMte^^ : - 

That the Sparrow exerts a very appreciable influence on architecture can be read- 
ily observed in the modifications which its presence has rendered necessary in cor- 
nices; gables, jutting portiojiB of roofs^and the various devices made use of in the 
elaboration and embeliishment of ediflces, both public and private. "— (Hoadley MS 

In addition to the digfignrement - of buildings by the nests and ex- 
crement of the Sparrows, and the injury to ornamental trees :and 
shrubs resulting from the same cause, it should be mentioned that 
; they frequently damage and sometimes destroy the ivy and woodbine 
covering the walls of churchas and other edifices. 
Mr. Robert Ridgway, of the Smithsonian Institution, says: 
The Sparrows injiu'e ornamental vines, &c. , by chemical action of their excre- 
ment. The luxuriant English ivy that once covered portions of the Smithsonian 
building was thus tota,lly destroyed by them. 

Mr. EUi W :3d,-^of Providence, I., writes: 

The sexton of - St. John's church, in this city, took 970 eggs and two cartdoads of 
n^^ts at one time pom the ivy Govering the walls of that church. 

Failure of tKe^^^ an insect-destroyer. 

The English Sparrow was brought to this country in the belief tliat 
it was an inseotivorous bird, and with the expectation that it would 
rid our cities of the caterpillars which destroy the f oliage of the elms 
and other shade trees in the streets and parks. The utter futility of 
this hope has beeh demonstrated oyer and over again in hundreds of 
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our cities and larger towns wMcli are overran witli Sparrows, and 
where tlie trees liave "been repeatedly defoliated and disfigured b^^: the 
worms. Cases are known in wMcli tli© very box^s occupied by the 
Sparrows have been covered with webs, where the cocoons Have been 
. attached to the boxes, and the larv^ have hatclied and crawled away 
within a few inches of the birds -witho tit molestation. Indeed, it is 
an every-day occurrence in summer to see Sparrows hopping about 
on fences and branches fairly swarm^^ with caterpillars and meas-- 
ure-worms, in whose presence they rarely manifest the slightest inter- 
est. It is true that they destroy some insects, particularly when 
feeding their young, but it would be presumptuous to say that the - 
nuniber thiis destroyed is greater than the number consumed by the 
truly insectivorous birds which the Sparrows have driven away, 

EngUsli Sparrows muse an increase in the number of caterpillars. 

Prof . J. A. Lintner, State entomologist of New York, has made a 
special study of the cause of the increase of the caterpillars of thet- 
tussock moth (Orgyia IeucostiginaJ, y^ to the 

foliage of shade and fruit trees and ornamental shrubs. The results 
of Prof essor Lihtner's investigations, extending over a period of years, 
hfWe led him to make the f ollowing\iinqu^^^^ ; 
The extraordinary increase of the Orgyia leilcostigma is owing to the introduGtion 
_ and multiplication of the English Sparro^^^ ; ' ' 

. His subsequent rem^arks under this he so valuable, that I 

make no apology for introducing them in full. He says: _ 

This may seem a strange statement, in consideration of the fact that the Sparrow 

'-■ was imported from Europe for the ex|>ress purpose of abating the " caterpillar 
nuisaiicQ " in New York and some ot th6 W (3W England cities. * * Tlio increase 
of the Or^jf^ta ?eitco.s^^gma commeiioed and has continued to jDr ogress y/ith that of 
the Sparrow, . . ^ ^ ^ . _ 

" A remark made to me that the caterpillars had been observed to be very numer- 
ous in localities where the Sparrows also abounded iaduced me to undertake to verify 
or disprove the idea that Imd suggested, itself to me, that the Sparrow afforded 
actual protection to the caterpillars and promoted their increase. 

In a locality in the city [of Albany, New York] (intersection of Broadway and 
Spencer streets) which I had traversed daily during the x)receding year, I had been 
interested iii watching the habits of a large company of Sparrows, which had estab- 
lished themselves in quarters evidently in every way suited to their taste and wants, 
among the vines and leaves of a large woodhme (AmjDelopsis quinquefolia), which 
covered with a dense matting nearly the entire side of a large, dwelling. Here I 

■ had observed a greater number of the Sparrows than elsewhere in the cityc They 
were stiiriocal^ and far from being generally dist^^^ 

Upon visiting this locality for the pu'rpose above mentioned, I found upon the 
other side of the building, and on an adjoining one, three other large woodbines not 
before noticed by me, making five in all. On a tall pole standing between the two 
buildings a very large sparrow-house, v^ith many compartments, had been erected, 
and many smaller ones had been placed among the branches of the trees. The 
woodbines seemed alive with the Sparrows. Hundreds were issuing from them and 
dropping down to their favorite sterooraceous repasts in the streets, and the air was 
vocal with their chattering. It was a rare bird exhibition. Here certainly was a 
test c^se of the insectivorous nature of the Sp 

On the sidewalk in front of the two buildings two large spreading elms (Ulmus 

: J.mencamMs), standing between some maples, showed every leaf eaten fmin them, 
disclosing tlm neBting-boxes among their branches, and their trunks and limbs dot- 
ted thickly or clustered with the easily recognized egg-beaxing cocoons of the Orgyia. 
Hundreds of immature caterpillars were traveling over the trees, fences, and the 
walls adjoining. No better evidence of the almost perfect immunity afforded to 

' the caterp^iiiars from their enemies, whether bh^ds or insects, by the presence of the 
Bparrows, could possibly be given. 

A- portion of Broadway, between Clinton avenue and the Central Railroad crossing, 
, was also kno'vvn to abound in the Sjjarrows, the citizens resident there having fed 
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them most generously, not only during the wmter seasbn, but also in the summer 
months/ Nesting-boxes had been placed for them in most of the trees. Here the 
trees j)resented a pitiable sight. Many of the elms and horse-ehestniits were entirely 
stripped of then- foliage; the naked ribs of the leaves of the latter seemed ghastly 
in their siiggestion of fleshless fingers. Nowhere else in the city had T seen such 
ravages, , 

Passing thence to Pearl and State streets , the same association of Sparrows; cater- 
pillars, and their destructive work was seen. Clinton Square, where the Sparrows 
had, m their introduction into the city, been specially taken under the care and pro- 
tection of the residents on the east side, of the park, afforded another excellent 
test. It was evident that the Sparrows were in full appreciation of their privi- 
leges from the almost incredible numbers sporting about the trees. Their proteges 
were also in full force. Caterpillars and their cocoons met the eye everywhere, 
while hanging from the rails and caps of the iron fence surrounding the park were 
the dead and decomposing bodies of caterpillars killed by the recent heavy rains 
(often so fatal to insect larvae), in such numbers that they tainted the air in their 
vicinity. 

It seems unnecessary to extend this record further than to add that in other sec- 
tions of the city obsesrvations made were in accord with the above. 

HOW THE SPARROWS PROTECT THE CATEBPILLAHS. 

That the Sparrows decline to eat the Qrgyia caterpillar is not a charge against 
them. They coitZcE 7^o^ eat them with impunity. The diet would doubtless prove 
fatal to them. The charge to which they are amenable is this: By the force of num- 
bers, united to a notoriously pugnacious disposition, they drive away the few birds 
that'would feed upon them. Of these we know but four species, viz: The Robin 
{Menda migvatoria), the Baltimore Oriole^ (Icterus galbula), the Black-billed 
CtLQkoO:iQoccygiis eryth7'opthalmus), and the Yellow-billed Cuckoo (Coccygus Amcri- 
eanus). The above species seem, in the ^ordering of nature, to have been assigned to 
us for protection from an undue, multiplication of a large number of hairy caterpil- 
lars of injurious habits. ^ * One of them, the Yellow-billed Cuckoo, is known 
to shave off the hairs of the Gr^jrm leucostigma caterpillar before swallowing it. 
' The following account of the operation is from Dr. Le Baron, former State ento- 
mologist of Illinois: " My attention was attracted to a Cuckoo regaling Iiimself upon 
these caterpillars, which were infesting in considerable numbers a larch growing 
near the house. My curiosity was excited by seeing a little cloud of hair floating 
down upon the air from the place where the bird was standing. Upon approaching 
a little nearer l eould see that he seized the worm by one extremity, and/, drawing 
it gradually into his mouth, shaved off, as he did so, with the sharp edge of his bill 
the hairy coating of the caterpiUar and scattered it upon the wind. ' 

Under ^^t^ of PreyentiTOS and Remedies, Prof essor Lintner 

advises a relentless war upon the English Sparrows," and states that 
the removai of this Mrcl ^ ' w^ to diminish the losses an- 

nually sustained in our orchards, forests, and gardens from the fol- 
lowing well-known noxions species : The apple-tree tent-caterpillar 
{Glisiocampa Americana) , \hQ iQTQ^i tent-caterpillar {Olisiocampa 
sylvatica), the fall weh-caterpillar {Hyphantria textor)^ the yellow- 
necked apple-tree caterpillar (Dafona ministra), the yellow wooly- 
hear {Spilo^oma virginica)^ and many others of the kind." (Second 
report on the Injnrions and other Insects of the State of New York, 

- hy J. A. Lintner, Mhany, 1885, pp. 80-83.) 

Miss Eleanor A. Ormerod, consulting entomologist to the Royal 
Agricnltnral Society of England, in her ninth report on Injurious 
Insects and Gommon Farm Pests for 1885, states that the Sparrows 
drive off Swallows and Martins, thus permitting a great increase in 

- flies and insects "destructive in the garden and orchard." Miss 
Ormerod cites a^ case in which the destruction of the Sparrows and 

: consequent reappearance of Swallows and Martins resulted in the 
abolishment of the insect pest.^^ : " , 



>^This bird has hcen seen with its head thrust into the web-nest of the tent-cater- 
piUar, eagerly devouring its occupants. 
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Mr. J. H. Gurney, Jr.^ a well-known Britisli ornith^^^^ : 

I think the^ do enough harm to warrg,nt eyerybody in destroying them. Say one* ■ 
fifth of good to four-fifths of harm is^ about what they do, take the country all over, 
though at certain twies and places they do nothing but harm, I have striven to say 
' all I could in their favor, being naturally a lover of birds. 

The destructive hat its of the Eiigiisli Sparrow in Berimida, Gnba, 
England, Germany, Austria, Russia, India, Egypt, and Australia are 
too well known to'^require mor passing observation. In Eng- 

igtnd alone the damage it causes has been estimated as. not less than 
$3j850,00Q per anmini, and in AuLstralia the loss is much greater. " It 
threatens to become a more baneful pest to the American and 
horticulturist than the grasshopper/ eaterpillar, and Colorado beetle. 

The following recomme'ndations are respectfully submitted to the 
legislative bodies of the various Staites^and Terr^ 

(1) The immediate repeal of all existing laws which afford protec- 
tion to the English Sparrow* ^ , ' 

(2) The enactmerct of laws legalizing the killing of the Engli&h : 
Sparrow at all seasons of the year, aiid the destruction of its nests, ■ 
eggs, and young. _ . 

(3) The enactment of laws making It a misdemeanor, punishable 
by fine or imprisonment, or both'~(a) to intentionally give food or - 
shelter to the English Sparrow, except with a view to its ultimate 
destruction; (6) to introduce or aid in introducing it into new locali- 
ties; (c) to interfere with, persons, means, or a;ppliances engaged in, 
or designed for, its destruction or the destruction of its nests, eggs, 
or young. 

(4) The enactment of laws protecting the Great Northern Shrike 
or Butcher Bird, the Sparrow Hawk, and the Screech Owl, which 
species feedlargely on the English Sparrow. - 

(5) The enactment of laws providing for the appointment of at 
least one person holding civil office, preferably the game constable^ 
where such officer exists, in each; town or village, who shall serve 
without additionalcompensation, and whose duty it shall be to destroy 
or bring about the destruction of English Sparrows in the streets 
and parks and other places where the use of fire-arms is not joer- 
mitted. In the la;rger towns and cities this office might be well im- 
posed upon the commissioners of public parks. 

/ It is not expedient to off er bounties for the destruction of Sparrows. 
In fact, at the present time it is desirable, and perfectly feasible, to 
bring about a great redTiction in their ranks by coricerted action of 
the people, aided by helpful legislation, without drawing upon the 
public purse. - - 
Becommendations to the people. 

The English Spai^row is a cul^se of feuch virulence that it ought to 
be systematically attacked axid destroyed before it becomes necessary 
to deplete the public treasury for the purpose, as has been done in 
other GQuntries. By concerted action,, and by taking advantage of 
its gregarious habits, much good may accomplished with" little or 
ho expenditure of money, . ^ ii 

The Sparrow is a cunning, wary biM, and soon learns to avoid the 
means devised by man for its destruction. Hence much sagacity 
must be displayed in the warfare against it. In the wmter-time, if 
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food is placed in some GonTanient spot at tke same liour eacli day for 
a week, the SiDarrows will gatliei^ in deiise fl^ feed, and lai'ge 

mimbers may be killed, at one td^ with small 

shot. Sometimes they may be snccessfully netted or trapped^ btit 
this requires considerable skill. They may be poisoned By grain 
soaked in tincture of nnx vomica or in Fowler's solntion of arsenic, 
biit poisoning is attended with some danger, and should be attemjjtecl 
only by official sparrow-killers. 

Large numbers may be destroyed and increase prevented by the 
systematic destrnction of their nests, eggs^ and yonng. By the aid 
of an iron rod and hook ^ set in the end of a long pole, most of their 
nests Gan be reached and brought down. This method promises most 
satisfactory resnlts; ^^^^^^^^^^ ^^^^^^^^^^^^^^^^1; : 

They may be easily driven from their roosting-places by disturbing 
them on severarsuccessive nights. A very efficacious method is to 
throw water upon them when at roost. In cities, where hose-pipe is 
available the process is simple and certain. They may be kept out 
of ornamental vines in the same manner, particularly in the breed- 
ing season, when a thorough soaking not only disconcerts the old 
birds and kills their young, but at the same time does much good by 
wetting the vines and washing out their filt^^ 

^^^^^^^^ 

In this connection it should not be forgotten that the English Spar- 
row is an excellent article of food, eqiiah^ many of the smaller 
game birds. - In fact, at restaurants it is commonly sold under the 
name of *^' Rice-bM of the year when there are no 

Bice-birds;in th,e counti^^^ - : ^ 

^ Prof. J. A. Lintner, State entomologist of New York, informs me 
that English Sparrows are now sold largely in the market at Albany, 
N. Y,, *'one dealer reporting a monthly sale of about 2^000.'^ 

One of the most important industries of the Southern States, the 
cultivation of rice, is crippled and made precarious by the bi-annual 
attacks of birds. Many kinds of birds feed upon rice, but the bird 
which does more injury than alh the rest oomhined is the Bobolink 
of the JTorth (DoUchonyx or'yziim7nis), cBlleA. "Reed-bird" along the 
Chesapeake^ and '^I^iceMrd" in the^ ^ 

^ Wext in importance af ter the Boboliak is the Red-shouldered Black- 
bird (J^^ much harm and some good, 
as will appear later. Still another blackbird figures prominently in 
the rice holds; it is the large Boa,t-tailed Grakle {Qtiismlus Majof")^ 
called^' Jackdaw" by tho planters. 

The name of the ''Rice-bird'' is familiar to most persons In the 
North, but the magnitude of its depredations is hardly known out- 
side of the narrow belt of rice fields along the coasts of a few of the 
Southern States; Innumerable hosts of these birds visit the rice 
fields ut the time of planting in spring, devouring tlie seed-grain be- 
fore the fields are flooded, and again at harvest-time in the f all^ wheuy 
if thematuring grain is '/in the milk," they feed upon it to a ruinous 
extent,: : - v 

; To prevent total destruction of the crop during the periods of bird 
invasion^ thousands of men and boys, called "bird-minders," are em- 



EBPQRT OB' THE GRNITHOLOGIST AND MAMMALOGtlBT. 247 

ployed, hundreds of tlioiisaiids of poiinds of gunpowder are burned, 
and millions of birds are killed. Still tlie mimber of birds invading 
ibe rice fields each year seems in no way diminislied;^ and tho aggre- 
gate annual loss they occasion is about 1^,000,000. 

The use of fire-arms has continued for more than a century, but has 
proved an expensive and inefficient remedy,* Hence it is clear that 
some other means consistent with reasonable ecGnomy must be de- 
vised for the relief of the enormqtis losses now sustained by rice- 
growers from the depredations of te : 

Statistics showing the total quantity of rice annually produced in 
the United States are wanting, except for the year 1879-1880, when, 
according to the Tenth OensuSj the crop amounted to 110,131,373 
pound-S,; worth, at 6 cents per pounds $6^607^882. 38, In that year the 
product by States was as follows: 



: - 7 - Mice produced in the United States in 1879-1880* 

Pounds, 

Alabama. . .\ ........ /. .... 810, 88^ 

Florida . . , . . v. i,m,m 

Georgia. . . . . . . . ............................. . . 25, 869, 68T - 

iouiBiana. ^ .. . . . . ...... . ... . . . . * S3, 188, 811 

■Mississippi. . . * . 1,718,951 

Hortii Carolina 5, 600, 191 

South Carolina . ...... 53, 071,515 

^©xas. . . . . . i . . /. . . ; ....>. . . . . .V. . . > . . . . . /, , . . . ......... . . . . . . . 62, 153 



' 110 131 373 

Value, at 6 een^^ 

Since 1880 the rice crop of Louisiana has more than doubled in 

tuantity and value, but that of the other States has not increased in 
be saine ratio. 

As a rule the annual consumption of rice in the Uiiited States is 
almost double tte production, as shown by the following table: 



Tdbte showing the quantities and values of the several hinds of rice imparted^ the 
; total value, and the diityy each year, from 1880 to 1886 inclusive, _ 



. Yetars. ■ - - 


- Dutiable. 




"Uncleaned. 


Paddy. 


1881. 

1885................ , 

1886.. 


Founds. 
46.314,785 
4i; 918, ^144 
63, 253, 521 
()3jiK)9,474 
64,098,827 
58, 850, 663 
43,497,9^3 


Dollm^s. 
1,212, 5138 63 

995,098 01 
1,417,467 84 
1,391,741 98 
1, 378, 263 71 
1,842,821 68 

870,262 93 


Pounds. 
859, 668 
243,756 
618,1533 

1,942,212 

9, :l 58, 943 
10,2&4, 604 

5,294,005 


Dollars. 
9,316 48 
5,657 67 
v9,994 32 
86,967 00 
174,149 00 
209,773 00 
110, 723 50 


Pound.?. 
■249,066 
13,309 
_ 2,651 
111,375 
8,112 
559,670 
144,330 


Dollars, 
4, 707 00 
264 30 
45 00 
1,363 57 
146 00 
9,602 00 
3,536 00 


Years. 


Dutiable. 
Rice flour.* 


- Free. 


Total.. 


Total duties. 


1880 ............. ................. 

1881 ........ 

188S 

1884........ V.,... 

1880.... 


Dollars. 
68,218 44 
67,390 74 
289,001 38 
463, 335 24 
*517, 851 77 
*672, 092 06 
627,003 SB 


Pounds. 
5,052,640 
6,986,306 
10,175,578 
12,926,951 
12,398,433 
8,291,300 
6,892,900 


DoUmrs. 
294,185 B9' 
389,016 80 
^ 499, 825 77 
610,323 60 

658.476 00 

404.477 50 
36I,56r00 


Dollar 8. 
1,588,986 04 
1,457,227 52 
2,lGG, 33^t 31 
2,603,731 39 
2, 628, 886 48 
2,538,666 24 
1, 973,091 71 


Dollars. 
1,182,44-2 71 
1,069,329 07 
.1,608,131 21 
1,753; 907 30 
1,083,365 94 
1,619,576 25 
1,184, 256 81 



* Rice flour and meal. 
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111 quality tlie imported rice is decidedly inferior to that grown in 
this Gonntry , and the x^rice paid f or it is correspo lower. The 

duty^ however, is enofinGns/neai4y equaling the cost. If , therefore, 
the hird plague can be aholished or reduced to comparative harmless- 
hess, it is evident that great benefit will accrue both to the producer 
a-nd the consumer ; f or , ^he home demand being* greater than tire home 
siipply, the ]3lanter will profit by increased production and lessened 
expense; while the consiimer will gain by securing a uniformly good 
quality of rice, of much higher nutritive value than the imported. 

■ Among the numerous letters from rice-growers which have been 
received at^ the Department of Agriculture, asking for assistance in 
the attempt to secure some practicable remedy for the destructive 
Tavagos of bir^ds* t^^^ followiiig will serve to indicate the cixtent of 
the losses sustained in South Car oM Georgia^ aad Louisi-ana . 

Letier from CoL John Screven, of Savamiahs Ga,, President of the Georgia BicC'- 

. groiversl Association. 

In reply to your f a^^or, regiiesting information concerning the depredations of the 
-BoboHnk or Rice-bird in the rice iields of my neighborhood, I furriish such infor- 
mation as I have with pleasure, hoping that it may assist in the discovery of some 
effective and economical means of arresting the ravages of this chief bird pest iii the 
rice fields. v . ^v. : . " . 

The Rice-bird is strictly migratory. It appears on the Savannah Elver commonly 
about the 10th or 15th of April, and remains, perhaps, until the 29th of May. Dur- 
ing this incursion it is known as the " May-bird." It appears again about the 15th 
of August, when the early grain is hardened and is not so inviting to his appetite as 
when unripe and in the milk. The planter, observing these dates, seeks therefrom 
to seed the land and to have the young rice under what is known as the " stretch 
flow" before the spring flocks airive, and to haye the grain ripened before the au- 
tumn flocks return. If his planting is not finished before the spring flocks cbme, it 
will be delayed until late in May or early in June, when the birds have departed for 
the season. He looks to the ripening and harvesting of such late crops^ when th© 
fall raA^ages of the Rice-bird have either ceased or are much diminished. _ - 
"These data show how the destructiveness of the Rice-bird is in some measure 
avoided, and in part by taking advantage of the periodicity of its migrations; but 
despite the precautions so taken its invasions are rumous to fields on which its flocks 
may settle, especially if the grain is in palatable condition and is on fields adjacent 
-to marshes convenient for ambush or retreat. Bird-minders , armed with muskets 
and shot-guns, endeavor by discharges of blank cartridges to keep the birds alarmed 
and to drive them from the field. Small shot are also fired among them, and in- 
-credible numbers: are; killed; but all such efforts will - not prevent great waste of 
grain, camounting to a loss of large j)ortions of a field— sometimes, indeed, to its en- 
tire loss. The voracity of the birds sebms so intense that fear is secondary to it, and 
they fly, when alarmed, from one portion of the field to another, very little out of 
gunshot, and immediately settle down again to their banquet. 

As evidence of the numbers present of this bird and of the numbers kilied in the 
riee-fields, a neighborihg j)lanter informs me that in 1881 he permitted four pot- 
hunters (contrary to the Grdinary regime) to shoot in his fields, and in the course of 
the fall season they slaughtered and ai3counted for eight thousand Rice-birds. On 
every plantation large numbers ara killed, and yet the visible su]pply of these robbers 
of the air does not seem in the least dimiafehed. Every year the same numbers 
{seem to swarm, and with wonderful prescience of the date of the coming harvest. 

The Rice-bird comes only tti seed-time arid harvest to prey, so far as the rice fields 
are concerned^ on crops raised at more cost and peril than any other known in agTi- 
culture, / ^ ^ 

The preventives now in use agaitist its ravages have been already mentioned, but 
they are palliative only , a]>plied at great expense, and without Gommensurate results. 
No vigilaiice On the part of the planter can do away with the wastefulness of pow- 
der and shot in the hands of careless and dishonest bird-minders. They only too 
of ten add the cost of wasted grain to the cost of their own faithless and id-directed 
labor. In short, no effort yet tried, consistent with reasonable economy, %vili drive 
the Rice-bicds f rt)m the fields or afford any well-founded jiromise of their reduction 
to harmless^ numbers. ; > * : 
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Extracts from a letter from Capt. William Miles Hazzard, of Amiandale, S. C yone 
of the largest rice-groioers in the State. 

The Bobolinks make their appearanGe here during the latter part of April. At 
that season their xDlumage is white and black, and the j sing merrily when at rest. 
Their flight is always at night. In the evening there are hone. In the morning 
their apj)earance is heralded by the ]3opping of whij)S and firing of musketry by the 
bird-minders in their efforts to keep the birds from pulling up the young rice. / This 
warfare is kept up incessantly until about the 25th of May, when they suddenly dis- 
appear at night. Their next appearance is in a dark-yellow plumage, as the Rice- 
bird. There is no song at this time, but instead a chirp, which means ruin to any 
rice found in milk. My plantation record will show that for the past ten years, ex- 
cept w^hen pre vented by stormy south or southwest winds, the Rice-birds have come 
punctually "on the night of the 21st of August, apparently coming from seaward. 
AH night their chirp can be heard passing over our summer homes on South Island, 
which island is situated six miles to the east of our rice plantations, in full view 
of the ocean. Curious to say, we have never seen tiiis flight during the day. 
During the nights of August 21, 22, 23, and 24 millions of these birds make their 
appearance and settle in the rice fields. H'om the 21ist of August to the 25th of Sep- 
tember our every eiffiort is to save the cro]3. Men, boys, and women are j)osted with, 
guns and ammunition to every four or five acres, and shoot daily an average of about 
one quart of powder to the gun. This firing commences at first dawn of day and 
is kept up until sunset. After all this expense and trouble our loss of rice per acre 
seldom falls under five bushels, and if from any cause there is a check to xhe crop 
during its growth, which prevents the grain from being hard, but in roiiky cortdi- 
tion, the destruction of such fields is complete, it not paying to cut and bring the 
rice out of the field. We have tried every plan to keep these pests off our crops at 
less expense and manual labor than we now incur, but have been unsuccessful. Our 
present mode is expensive, imperfect, and thoroughly unsatisfactory, yet it is the 
best we can do. I consider these birds as destructive to rice as the caterpillar is to 
cotton, with this difference, that these Rice-birds never fail to come. If the Govern- 
ment could devise some means to aid us in keeping off these birds it would render 
lis gi'eat assistance. The loss by birds and the expense of minding them off in order 
to make anything renders the cultivation of rice a danger otas speculation. During 
the bird season we employ about one hundred bird-minders, who shoot from three to 
five kegs of powder daily, of tw:enty-'five pounds each; add to this shot and caps, 
and you will have some idea what these birds cost one planter. 

From Theo. _ S, Wilkinson, Myrtle-grove plantation^ lower ooast, Louisiana. 

The rice crop in Louisiana, from the time the rice is in the milk till harvest time 
and during harvesting, is much damaged by birds, principally the Red -shoulder ed- 
Blackbird. Shooting is the only remedy thus far resorted to which is at ail effect- 
ive, and it is only partially so. I have known rice crops to be destroyed to the ex- 
tent of over 50 i)8r cent. , which is a loss of say $13 per acre. While this is an extreme 
case, a damage and expense of from $5 to $10 per acre is very common. 

The average yield per acre is about 30 bushels, worth. now (March 12, 1886) about 
80 cents per bushel. 

Early in the progress of the work a special circular to rice-growers 
was prepared (Circular 5, see p. 334), and copies were sent to all plant- 
ers whose addresses the division was able to secure. The replies 
received were so startling in the magnitude of the losses they revealedy 
that it was thought advisable to make a thorough study of the whole 
subject of rice culture, and to investigate on the spot the manner in 
which the ravages were committed, in the hope of devising some 
means, compatible with reasonable economy, for lessening their ex- 
tent. With this object in view the assistant ornithologist, Dr. -4 . K. 
Fisher, was sent on an extended tour through the rice-growing dis- 
tricts of the Southern States, from Charleston to New Orleans. His 
investigations were carried on in the spring, at and shortly after the 
time of planting. At harvest-time in the fall I visited the rice fields 
of portions of South Carolina and Georgia, and witnessed in person 
the destructive ravages of the birds at the height of the season. 
Furthermoi'e, to render the investigation still more complete, the 
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DepartiTieiit has employed a sj^ecial field agent^ Gol. Alexander Mac- 
beth, wlioseliea.dqiiarterg are at Georgetown, S. C , in the very heart 
of one of the largest rioe-growiiig districts. The results of all these 
investigations will be given: in fnlL in a forthcoming bulletin of the 
division* 

THE DISTRIBUTION AND^ 

- The work of the Department on the Q-eographical Distribution and 
Migration of Birds is sufficiently outlined in the follbwiiig circular, 
several tlionsand copies of which have been distriButed by the divi sion : 

, - . , ; 

CIROULAR ON THIS GEOaEAPHtOAL DISTPJBUTION AND mGRATIO OF NORTH AMERI- 
-V/- .- CAN. BIRDS i^B ISBT. ■ : . 

Throiigli the courtesy of the American Ornithologists' Union, the Department of 
Agriculture has secured the co-operation of this organization, and has undertaken 
to carry" on the .work begun by the Union on the migration and geographical distri- 
bution of North American birds. : _ 

The Department wishes to ascertain the whereabouts of all our birds during the 
winter season and the times of leaving their mnter homes ; to determine, if posai- 
; ble, the number and extent of the chief avenues of migration m North Am erica., and 
the average rate of speed at wMch the different species travel; to find out the- dates 
. of their appearance at and disappeara;nce from at least a thousand localities, both in 
spring and fall,, for a x)eriod of years; and to map out the breeding, areas of e very- 
species which rears its young in North America north of Mexico. 

in order to obtain this infornaatioh it is necessary to secure the voluntary services 
of a lai-ge corps of observers, each of whom, is requested to contribute as full data 
a| possible concei'ning the questions mentioned in this circular. 

The first item in an observer's, report should be a brief but careful description of 
the principal physical features ^ includiii^ latitude, longitude, and altitude, of the 
locality which is the seat of his obsei^^ " : _ 

The data -coiiected may be arranged conveniently in three genera! classes: (a) 
ornithological phenomena; (5) meteo^ologicar phenomena; (c) contemporary and cor- 
relative phenomena. 

{a) Ornifhologieal phenomena. 

Each observer is requested to prepare, at his earliest convenience, a complete list 
of the birds known to occur in* the vicinity . of his station, and to indicate (by the 
abbreviations inclosed in parentheses) to which of the following five categories each 
species pertains: 

(1) Permanent residents, or those that are found regularly throughout the year (R). 
(3) Winter visitors, or those that QC^ only during the winter season, passing 
north in the spring (WV)v 

(3) Transient visitantsj or those that occur only during the migrations, in spring 
andfall(TV). . 

(4) Summer residents, or those that are known to breed, but which depart south- 
ward before winter (SR). 

(5) Accidental visitants, or stragglers frona remote districts (^^^ 

It is desirable also to indicate the relative abundance of the different species, the 
terms to be employed for this purpose being : Abundant, Common, Tolerably Com- 
mon, Bare. " 

If you are in a position to observe the lines of flight of birds, have you noticed 
whether or not such lines are influenced by the topography of the country, and if 

so, to what extent? 

If a mountain intercepts the line of flight, what kinds of birds pass around it, and 

what kinds pass over it ? 

What localities in your neighborhood are sought as resting-places by tile various 
kinds of migrating birds? Can you give any reason for this selection? 

What kinds of birds generally move; in flocks, and what kinds in pairs or singly ? 

Are you familiar with any kinds of birds in which the males and females, and old 
and young, fly in separate flocks? In many species the niales arrive in advance of 
the females, hence it is important to note the sex of the first comers, and the data 
at which the opposite sex is first seen. 
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Have you observed from year to year any increase or decrease in the numbers of 
any kind of bird known to yott ? If so, do you attribute sucli change to altered 
conditions in the bird's breeding-grounds r If not, can you assign a cause ? 

Have you observed the increa.so or decrease of one species to afi'ect tlie numbers 
of anotlier species ? If so, can you exx^lam the fact ? ^ 

Has any kind disappeared altogether, and if so, can you assign a cause for this 
disappearance? 

Among the birds which are now common about your station is there any kind 
" that was formerly rare or absent ? If so, can you explain the fact? 

Among the birds which breed regularly in yonr vicinity have you ever observed 
an inrlnntltial wliich by some personal peculiarity (such as the presence of white or 
dark leathers ivhere they do not belong, or by some deformity) could readily be dis- 
tinguished from others of its kind? If so, has this bird returned to the same place 
. to nest year after year? 

In recording arriva^ls and departures, it is highly important to distinguish between 
the movements of in-egular stragglers of the advance guard or " van," and of the 
principal xaass or " bulk " of the species. For this purpose observers are requested 
to note : (1) when the species is first seen ; (3) when it is next seen ; (3) when it be- 
- comes common ; (4) when the bulk departs ; (5) when the last individual is seen* 

In addition to the above data, which all observers are requested to furnish, the 
Department j^articularly desires exact records of every increase and decrease in the 
numbers of a given species over a given area; for it is only by the knowledge of the 
daily fluctuations of the same species in the same place that the progress and move- 
ments of a ''flight," or '*biTd-wave," can be traced. Such data can be contributed 
by experienced observers only, and in their procuremerit much time must be spent 
in the Seld. During the progress of the migratory movement the observer should 
go over the same ground day after day, and, if possible, both early in the morning 
and late in the afternoon. He should visit wood-lands, thickets of dense under- 
growth, and open fields, and, if possible, both swamp and upland should fall under 
his daily scrutiny. 

The above may be regarded as essential data. There are many other noteworthy 
details that bear more or less directly upon the complicated problems involved in 
the study of migration. Among such may be mentioned the bodily condition of the 
bird (whether fat or lean), the molt, and the period of song. The time of mating, 
when observed, should always be recorded. 

The Department desires positive information concerning the food of all birdg, and 
Will furnish, on application, a special circular devoted to this branch of the inquiry, 

Qy) MeteoTologiecS, pMnomma, 

Information is desired upon— 

(i) The direction and foi'ce of the wind* > . 

(3) The directionV character, ajid duration of stornas. 

(3) The general conditions of the atmosphere/including rainfall. 

(4) The succession of marked warm and cold waves, including a record of all sud- 
den changes of temperature. 

- {(i) Contemporary and correlative pli^^ 

The Department desires that the data under this head be as full and complete as 
possible, and requests exact information upon— 

(1) The date at which the first toad is seen. - . 

(3) The date at which the first frog is heard. . - 

(3) The date at which the first tree-toad or ''peeper" is heard. 

(4) The dates at which cer tarn mammals and reptiles enter upon and emei^^^^ 
the state of hibernation. 

- (5) The dates at which various insects are first seen. - - 

(6) The dates of the flowering of various plants, 

(7) The dates of the leafing and falling of ^he leaves of various trees and shrubs* 

(8) The dates of the breaking up and disappearance of ice in rivers and lakeS in 
spring, and of the freezing over of the same in the fall. /- 

It must not be supposed, because a largeamount of information upon a variety of 
subjects is asked for, that meager or isolated records are not desired. Quite the 
contrary is true. Comi3aratively few of the observers are ornithologists, or even 
bird coriectors— the great majority being intelligent farmers, tradesmen, and Hght- 
keepers. Those who know only the commonest birds, such as the Robin, Bluebird, 
Bobolink, Martin^ Hummtng-bird, and Chimney Swift, can furnish important data, 
aiid their services are eagerly sought. 
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In order to secure better results, a portion of the territory under investigation has 
been divided into districts, each of which has been placed under the immediate 
direction of a competent superintendent. Observers not living witliin thelimits of 
these several districts are requested to communicate with the Ornithologist of the 
Department of Agriculture. ^ I ,_ . _ 

The districts, with their respective superintendents; are: 

iVeiy ^Jngteti— Superintend^^ 

AilanUc distriet.~-New York (except Long Island), Pennsylvania, New Jersey, 
Delaware, Maryland, Virginia, West Virginia, North Carolina, South Carolina, 
Georgia, Florida, AlabamavMississipi:)i, Louisiana, Kentucky, and Temiessee. Sup- 
-erintendent, Dr. A. K. Fisher, Department of Agriculture, Washington, D, C. 

Long Island, N. F.— -Superintendent, William Dutcher, 51 Liberty street, New 

^^In(MmiaandSoiither7iMid^^ B. W. Evermann, Terre Haute, 

: Ind. " - ' 

O/iiov— Superintendent, Dr. F. W. Larigdon, 65 West Seventh street, Cmcmnati, 
Ohio. ; 

Xight-hoitse division of North America.-— Buper^^ C. Hart Memam, 

Department of Agriculture, Washington, D. G. 

LigJxt-hoitse division of S2~>cimsli^^ L. S. Foster, 35 Pine 

street. New York City. 

Schedules on which to record the more prominent facts Telatiiig to bird migration 
will be furnished on a^pplication. 

: The material collected in reply to this circular will be published in 
special bulletins. 

: -. Prof, W/W. Cooke, assisted by Mr. GttoWidmann and Prof. p. E. 
Lantz, has prepared a report on bird migration in the Mississippi Val- 
ley. This report^ which I regard as the most iniportant contribution 
yet made to the subject of blM migration; will appear as a special 
bulletin of the division. 

; M L. Belding, of Stockton^ Cal., has prepared a report on the 
ornithology of the Pacific coast region of the United States, with 
special reference to its economic aspects. This report will be issued 
as soon as practicable. 

.effects ; OF MAMMALS " XJPON " AGRICULTURE. 

The influience of small mammals upon agriculture, horticulture, 
and f of estry is a niatter of great practical- interest, and one upon 
which much has been written, particularly in Europe, where a knowl- 
edge of the subject is a gualific^tion of admission to the goyernment 

; position of forester. 

Our native mammals affect the interests of mankind, directly or 
indirectly, in a variety of ways. Some are clearly beneficial; others 
are so markedly injurious, that the question becomes one merely of 
the best means of keeping them in check; while many kinds are both 
beneficiarand injurious, and caref ul study.of their habits is necessary 
to ascertain whether the sum of their beneficial qualities exceeds the 
sum of the prejudicial, or the contrary. 

it is impossible, to estiniate in dollars and cents the damage done 
by the commoner species, particularly by Mice and Gophers, but in 
the aggregate it must amount to several millions of doUars per. 
annum. From the Atlantic to the Pacific and from the Mexican 
border to Ganada innumerable hordes of Mice are constantly preying 
upon the results of: man's toil> They gnaw his buildings^ deplete his 
granaries, make their homes in his barns and hay-mows, and even 
infest his private dw-ellings to share the d the pantry. In 

the meadow and pasture they feed upon the roots of the best grasses; 
in the garden, upon the roots, fruit, and seed of vegetables; and in the 
fields, upon grain, both standing and in the shock. In winter they 
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destroy fruit and forest trees and ornamental shrubs by eating the 
bark from the roots and trunk. The number of Meadow Mice present 
over a given area is subject to periodical fluctuations^ and they some- 
times become enormously abundant. At such times their runways 
through the meadows and grain fields result in the loss of at least 
one-fifth of the crop. I 

The depredations of Ground Squirrels and Gophers in the prairie 
regions of the Mississippi Valley and in the far West are well known, 
and yet the extent of the damage they do is not generally recognized. 
In a fertile part of the Sacramento Valley in Galif ornia a f ew years ago - 
the sudden increase in a species of Gronnd Squirrel which fed upon 
grain caused the land to depreciate one-half in value. To be more; 
explicit, land which previously brought $100 per acre could not be 
sold for 150, and the depreciation was due solely to the abundance 
i and ravages of the Squirrels. 

Special attention has been given the animals which occasionally or 
^ habitiially prey upon i)ou.ltry5 and the results will be made public at 
as early a day as practicable. 

RABBITS. 

The Aiistralian BjUlyhit,—^^ of late a good deal of 

newspaper talk about the expected introduction into the United 
States of a large colony of so-called "Australian Rabbits/- and vari- 
ous opinions have been expressed as to the probable effect of such all 
importation upon our agricultural industries. Hence a few facts 
concerning this Babbit may prove of intere^^^ 

At the outset it should be stated that/ correctly speaking, there is ; 
no "Australian Rabbit," no species being indigenous to Australia. 
The Rabbit which has done so much harm in that country and in 
New Zealand is an introduced species, namely, the common Rabbit of 
'^wi:Q^^ {Lep%is cuniculus), 

A very good idea of the magnitude of the rabbit pest in Australia 
may be had from perusal of the following report of Consul-General 
Morgan, of Melbourne, Victoria: 

Tame Rabbits were brought to these coionies in "very early years, but the common 
gray variety of wild rabbit, that has so overrun the country, was, so far as can be 
authoritatively ascertained, introduced by a large landed proprietor in the western 
district of Victoria about the year 1860 for the purpose of sport. From the western 
district they spread to the stony rises between Colao and Camper down, in which 
place the splendid cover afforded them caused their raj)id increase, and they multi- 
plied with such astounding rapidity a& to literally overrun all that portion of country. ^ 

Some years after they were taken to other parts of the colony. The pest soon 
after this was found in the neighborhood of Horsham, spreading thence into the 
Mallee country, extending northeast to Swan Hill. 

The country west and north of Horsham being exceedingly favorable to them, 
consisting of sand hills, pine ridges, and scrub, they increased there greatly, azid 
have done serious damage to crops during the past few years, principally since 1874. 
. So great has been their fecundity, that there are now but few places in Victoria in 
v/hich they do not exist— from Point Nepean along the coast, from Queenschff to 
Geelong; in Gisborne, Rallan, Bacchus Marsh; away northwest to Nhill and north 
to Swan ITili; along the MmTay River; on the New South Wales and the South 
Australian borders — Gippsland and the surrounding district being the only place in 
which they are conspicuous by their absence. In the rangy district of 'Mansfield 
they have made an appeai'ance, and the Buffalo, Ho wqua, King, and other rivers 
in the neighborhood of Bright and Myrtleford, are now invaded by the pests in large 
numbers. It is, however, noticeable that in places where the soil is hard, or the 
climate cold or wet, the rabbit does not increase to anything like the extent observ- 
able, in country more suited to them, such as sand hills, pine ridges, &o. There is also 
another peculiarity observed, which will be borne out by all who have had any great 
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experience on tills siibject, viz, that where hares increase and becomG numerous the 
rabbits do not, Tiiere may be an exceTjtion to this, siich as on the Werribee estate, 
but nevertheless it is the rule. : J 

; : , 3:QSSES SUSTAINED. 

It is doubtful whether many persons are aware of the immense loss that has been 
sustained in this colony tlu'ough the rayages of the rabbits, but it is an undoubted 
fact that as much as £23,000 has been expeirded to clear One Estate and keep tlie 
pests under, and in many others it has cost the owners large sums, from £15,000 
downwards. ; . . 

In addition to the expense incmTed by iirivate o^^ners, shire councils, and the 
government in destroying the pests, the great xieprecia^tion in the value of land and 
its grazing capabilities has to be considered. For instance, the stony rises, consist- 
ing of about 20,000 a,cres and surrounded by some of the hnest grass-land in Victoria, 
have been rendered of little value except for rabbits, the owners ox the land obtaining 
a small rental from trappers; and about 4,000 acres were some while back dis]3osed 
of at the low figure of 10 shillings per. acre. In the discussions in the colonial par- 
liament on the introduction of the late " Malle imstoral leases act," it was clearly 
pointed put that the country (12,000,000 acres) alfected by the bill had been rendered 
almost useless and uninhabitable tlnough tlie damage caused by the ruthless invader. 

; Stations on which smiling homesteads, fine or cliards, and other hn pro vements had 
a few years back existed were fallen into ruin and desei^ted by all living creatures 
except the rabbits. Here, where the grass and salt-bush in 1875 were sufficient for 
nearly 700,000 sheep, enoug^^^ in 1882 for one-seventh of that number, . 

the loss during the past five years being estimated as at least three-quarters of a 
million sterling, besides ^-10,000 decrease to government in rents and £20,000 ex- 
pended in destroying the pests. To illustrate the damage here, I cannot do better 
than attacli tlu^. i;ai'ticulars given of a ftnv stations hi the above discussion. 
■ Year 1877, Bruin Btation carried e6.,000 sheep, rentah £500; in 1879, 10,000; run 
abandoned; relet under grazing license for £56. Wanga and Mpo, onc(^ caiTying 
20,000 sheep; rental £400: now not a sheep on the run, which was also abandoned 
and relet for £20.- Lake Hindmarsh carried, In 1877, 33,000 sheep; lost 25,000 in two 
years; rent £700, now £72. - Corong, 1877, 36,000 sheep, now 3,000; rent £1,050, now 
£150; and several others were mentioned as being in an equally bnd position. 

' In the years 1875 and 1876 the production of wool in the MaJiee country was about 
. 5,000 bales,: value £100,000. In 1882 this had fallen to 900 bales, worth , say, £18,000. 
lEighteen runs in this distxlot in the year 1878 yielded 1,700 bales; in 1882 only 332 
bales. The runs were all abandoned , and the land held from government under grazhi g 
leases, at an almost nominal rent, by persons that trusted that something would be 
done to improve the tenure under which the land- could be held, and give them an 
opportunity and sufficient inducement to endeavor by combined action to destroy 
-the rabbit pest, and render the land once more fit for profitable occupation. 

Whether the lengthened tenure now given to tliis part of the colony will enable 
the desired resiilt to be achieved rem - 

During the past three years the government has expended about £30,000 in Vic- 
^ torla on the extirpation of the rabbit, the principal means Used being poison, such 
as phosphorized oats and wheat, arsenic mixed with bran and chaff', and bisulphide 
of carbon, 

The various shne councils in the badly infested districts have also adopted similar 
means, though in the majority of cases the rabbit act has not been strictly enforced, 
many of the shires not being in a position to incur the extra expense necessary to 
: do so. . : - . - . - 

In addition to the means above mentioned, the councils have arranged for the 
ljurchase of rabbit-skhis or ears and scalps, and have been assisted by the govern- 
ment to the extent of a bonus of 3d per dozen j^n all skins or ears and scalps pur- 
chased by them. From various reports published at various times in the papers, and 
inquiries made, the number of r has been considerable, at least 

lo7,000 dozen, equal to 1,884,000 scalps and ears and skins, being paid for in less 
than two years; the Bt.Armand and Swan Hill shires being the largest purchasers. 

In the Colae and Gamperddwn district a preserving factory was started some few 
years back, and operations carried on with vigor, the factory working each year for 
about six monthsVfrom March to October, and during that period purchasing from 
750,000 to 1,000,000 rabbits, the price paid being about 2s. 6d. per dozen. These rab- 
bits are nea^rly all obtained from the stony rises and surrounding districts, as they 
cannot be sent to the factory in proper conditian from any great d^^ 
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Tlie sum yoted this year by parliament for rabbit extirpation is £10,000, and I learn 
from the Sydney papers that in Hew South Wales no less than £74,000 has been 
voted for the same work and in South Australia the amount is £30,000t so that it 
wiU be seen that Victoria is by no means the greatest sufferer, more especially as 
slieis at the expense of labor and material on crown lands in pastoral occupation 
as well as crown lands unoccupied. 

The number of skins exported from Victoria during 1883, as near as can be ascer- 
tained, was ijOOO^OOOj and the area of land more or less infested is about 205000,000 
acres.; . -. - . .\ ' ' - . _ ' " 

Having given the above sketch anent the introduction, spread of, and damage done 
by the rabbits, I will now give a few particulars respecting their fecundity and the 
methods and means employed to destroy them. 

In places where the pest is numerous they can be considerably reduced by trap- 
ping, hunting with dogs, and shooting; but these methods are expensi/^e, slow, and 
will never more than thin them out, leaving plenty to multiply again. It can be 
asserted on good grounds that one j>air of rabbitS: will, under most favorable circnm- 
stances, incfease in two a;nd a hialf years to the enormous number of 3,000,000; this 
is assuming the district suits them.' But, alio wing tlmt they only increase to one- 
fourth that number, it may be easily seen how necessary it is to be continually on 
the watch to destroy them. 

Phosphorizod oats are much superior to trapping in results, and less expensive; 
but unfortunately experience proves that they will not always eat this grain, and 
when grass is at all plentiful the i^abbit deems it a much greater delicacy. Singular 
to say, phosphorized oats are not found effective in all parts, instances being well 
known in which that poison has been greedily devoured in one district, whilst at the 
same time in an adjoining one nothing would induce the pests to touch it—bran, 
chaff, and arsenic being preferred. Neither of thelatter mixtures can, however, be 
_ used with any effect m v/et or damp weather. - 

Arsenic and carrots, or phosphor ized wheat, have also been found effective when 
the other poisons mentioned fail. 

I am informed by the Hon. A. Morracli, secretary for lands, that there are about 
600 miles of rabbit-proof wire-net fencing erected.in this colony of Victoria, at an 
average cost of £80 per mile. 

The estimated damage by rabbits would be difficult to ascertain, but it may be 
safely stated that during the last ten years the loss caused by the pest through de- 
crease m carrying capabilities of land, destruction to crops, loss of rents, <fec», would 
amountto at least £3,000,000 sterling. 

" . JAMES M. MORGAN, - ' . . 
„ >N ^ Consul-General,^ 
" United States Consulate-General, 

Melbomme, October 6, iSSQ. 

In N'ew Zealand tlie legislature took the matter in liand iii 1876 
and 'begaH the enactment of a series of stringent laws for the sup- 
pression of tiie rabbit scourge. 

^Owners and occupiers of land are compelled, under a penalty, to take efficient 
steps to clear thek property of rabbits on receiving notice to that effect from the 
mspector of their district; and continued neglect of such notice gives the inspector 
a right to take whatever steps he may deem necessary for the destruction of the rab- 
bits, and to recover the cost summarily from the defaulting owner, in addition to 
the penalty. The statute, moreover, exempts from taxation all dogs certified to by 
an inspector as kept solely for the purpose of destroying rabbits ; and imposes a pen- 
capture of ferrets, weasels, or such other animals as may 
be otticially proclaimed to be the natural enemies of the rabbit 

In 1881 more than 500,000 acres of sheep" runs were abandoned 
on account of the rabbits/ and the loss to the exports of the colony 
was calculated to be $2,500,000 per annum; and it was estimated that 
upwards of 180,000,000 rabbits were killed in New Zealand in little 
oYer three, yeairs.- - . .. -\ ' 
_ Many cases might be cited, prominent among which is that of the 
Engiish that the transplanting of a naturally pro- 

lific species to a country where the conditions for its existence are 

^U. S. Consular Reports for December, 1886, Vol. XX, No. 7S, pp. 482-484 
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favorable gives it a peculiar impetus it to crowd out and 

supersede the indigenous related species. Hence, wMle there is no 
positive evidence to show that the European Rabbit wo"q,ld become 
the curse in this country that it is in Australia and New Zealand, yet 
there is lio proof to the contrary, and its introduction here would be, 
to say the least, an unnecessary and hazardous experiment. 

The Babbits of the United States, — We certainly have enough 
rabbits of our own— at least a dozen native species— and the injury 
they inflict uxpon our agricultiiral industries is by no means insignifi- 
cant. In the grape growing districts of California rabbits do so 
much damage by gnawing the vines that in many cases it has been 
found necessary to inclose the entire vineyard with rabbit-proof wire 
netting, the cost of which is very great. 

In the San Francisco (Gal.) Weekly Bulletin of February 16, 1887, 
it is stated that for a number of years Messrs. Grimsley and Miner 
/ have been in the habit of poisoning Jack Rabbits by thousands" 
■ on their places near Tul6 River, thus averting the loss of thousands 
of dollars. Mr. Miner estimates the number of rabbits he has killed 
in tHs way " at not less than twenty thousand, and he thinks that 
during this season not less than two thousand dozens have been 
killed by dogs and hunters along the river, many of which have been 
shipped to game dealers in San Francisco,^ From this statement, 
which is fully sustained by others, some idea of the magnitude of the 
evil can be formed. Mr. Dewey, near Tulare, has had a hunter in 
the early part of the season who killed usually four or five dozen a 
day and shipped them to the city/ He says he has twenty acres of 
youiig alfalfa of last year's sowing, the growth of which the rabbits 
got away with almost entirely during the winter months, causing a 
loss durmg the whole season of not less than $500," 

Mr. Willson G. Nowers, of Beaver City, Utah, writes to the De-- 
partmeut, under date of February 1, 1887, as follows: 

In tegaird to mammals, the most common, and by far the most destructive, is the 
hare, or, as it is nsuaUy denominated, tabbit. At times its ravages are enormous, 
as it sweeps down from the bench-lands and sage-plains in myriads, devouring en- 
tire fields of cereals. This was the case last year in this and adjoining counties, 
where its depredations amounted to several thousand doUars, and some farmers in 
this county lost from this source alone their entire crop of small grain. At Miners- 
ville, this county, not more than one-third of the ^crop was harvested. At Adams- 
ville nearly the total crop was taken; at Greenville about one-half, and here (at 
Beaver) about the same proportion; and the crops in Iron County, on the south of 
us, were damaged to about the same extent. 

Our mode of destroying these pests is to select two captains, who choose then' asso- 
ciates from the community, and form two attacking parties, and raid the country 
with fire-arms, clubs, and dogs, killing every rabbit caught sight of. In some cases 
the slaughter has amounted to nearly one thousand by each side. These raids are 
made on every favorable opportunity, after a snow-storm, if possible, or monthly if 
no snow ^ alls. - " ■' / : ; 

About nine years ago the country was overrun by these rabbits, but after two or 
three seasons' iravages they became so scarce that hardly a representative was to be 
seen. They were infested with large grubs in the head, resembling those sometimes 
found in the backs of cattle. These grubs invariably put an end to their victims. 
If this enemy had not attacked the rabbits it is probable that the latter would have 
produced a dearth in the land. 

E. G/S. Foster, M, D., of Russell, Kansas, wr^ 

Rabbits are very destructive to fruit trees; they eat off the bark during the winter 
months, The damage done is serious. 

Mr. W. Head, of Bristow, Iowa, W'rites: 

Rabbits are injurious to fruit trees. During the winter they gnaw the bark, very 
often completely girdling an apple tree, which of course Mils it. I consider the loss 
serious, as I have seen a great many apple trees killed in this way. 



Mr. William J, Howertonj of Morence, Ariz., writes: 

The little cotton-tail rabbit of this country occasions some damage by barking the 

young growth, but the damage is of comparatively little consequence and is chiefly 

done in the winter months. 

Mr/ John S.^H^ La CresceBt, Minn,, writes: 

Hares often do serious damage to trees and shrubs. Some seasons acres of young 
forest trees are barlced by them. Maple and apple trees suffer most from then* dep- 
redations. 

Mr. J. Johnson^ of Meriwether/ S/ C., writes : 
Gardens are sometimes injured to a great extent by rabbifcs. They are particu- 
larly fond of young cabbage, coUardj and pea-plants; they also gnaw the stalks of 
cabbage and coUards in the winter. They are more injurious if the winter is severe 
than when the weather is mild. They are very injurious to fruit trees in the win- 
ter; they gnaw the bark from the ground up, as far as they can reach. Unless the 
trees are protected they will often ruin a whole orchard of apple trees. 

Mr. J. C. Lin ville, secretary of tlie Agricultural and Hortionltnral 
Society of Gap, Pa., writes: 

Rabbits are very destructive during d^ep snows. They gnaw off the bark above 
the snow line^ and cut off small trees as thick as a lead pencil. They seldom girdle 
peach or cherry trees, unless apple trees are not at hand. The loss is very great. 

Mr. Th-omas Mikesell, of Waiiseon^ OMo, writes: 
Rabbits peel small apple trees and also: eat off the twigs. They peel other trees and 
shrubSf the elder in particular. The damage is sometimes very serious, 

Mrs, L. Peabody, of Denver^ Colo., writes: 

In the vicinity of Grand Junction the rabbits have injured young fruit trees to 

quite an extent. It was done during the winter. 

Mr. F. M. Powers, of Angola, Ind., writes: 

Rabbits are destructive to vines and to smaU fruits, such as raspberries. They 
injure young fruit trees by girdling and eating the bark. 

Mr. William H. Madison, of East Enterprise, Ind., writes: 

Rabbits destroy many young trees, especially apple trees, by gnawing the bark and 
thus girdling them. This is done in the winter when snow is on the ground. They 
do some damage to corn in the field, but not to a serious extent. 

Mr. E. L, EeynoldSj of Westyille, Ind, , wri 

Th« gray rabbits make their home along the hedges^ in thickets, and in the tim- 
ber; they increase rabidly and are the pesis of young fruit treeSc They a^e very 
plentiful in this part of the State, but their numbers are kept within bounds by the 
hunters. 

Mr. N. W. Wright, of Farmland; 

Rabbits gnaw the bark from apple and pear trees in the fall and winter, The 

damage has been serious in many instances. - 

Mr, E. S. Beacli, of Yalparaiso, Ind,^ writes: 

Rabbits injure trees in the winter, when there is a heavy fall of snow on the ^ouud • 
loss sometimes quit© serious. * 

Mr. J. 0. Donaldson, of Gilbertsville, N. Y, , writes : 

Rabbits are injurious to grain crops, both by conjsuming the grain and by tramp- 
ling it down. 

Mr. E. Eveland, of Ferry, Iowa, writes: 

Rabbits are injurious to trees. They are most destructive in winter. 

Mr. George R. Prescott, of Gait, Canada, writes: 

Rabbits do some injury to vegetables, but not to a serious extent. 

Mr. R. Elliott, of Plover Mills, Canada, writes: 

Rabbits eat herbage, chiefly clover. They girdle and bark all sorts of younp- trees 
during the winter. 

17AG— '86 
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EabMts eat apples aiad the leaver 

Mr. I. H. Shanks of Hickory^ Va., -writes: 

Rablbits sometimes eat fallen apples ^ but the loss is trifling. They gnaw the trunks 

of young apple trees, thus killing quite a number. 

Mr. William West, of Chehal^^ 

Babbits ocoasionally injure apple trees by eating the bark during the winter ^ but 

the loss is trifling. ; ; - - 

Mrv J- G. CaYener, of Gam^ 

Babbits are very cfestruotive to English peas; they like cabbage also. They are 
liable to damage nearly all kinds of fruit trees, and all soft-rooted forest and shade 
treeSj by gnawing their roots in two- They girdle or gnaw the bark from the collar 
of young peach, apple, pear, and plum; and sometimes Bois d' arc hedges are dam- 
aged by them. They are worse when the ground is frozen or covered with snow. . 

Mr. H« W. Buckman, of Glenwood, OaL, writes: 

Babbits eat squashes melons, and cucumbers, both the young plant and the fruit 

Mr, DaYid H.. Herman, of WiU^ 
Ha^es and rabbits gnaw young fr^^^^ 

Mr; W, MoDaniel^ of Faceyille, Ga., writ 
Rabbits eat garden peaso The loss is serious, 

THE IMPORTATION OF EXOTIC SPSCIES SHOUIjD BE GOVEENSD BY 

The great calamity that has befallen our agrioultural indiistries in 
the importation of the English Sparrow, and the threatened danger 
froni the introdiicfcionof the European Eabbit, should serve as timely 
warnings to an intelligent people and lead to legislation restricting 
the importation of foreign birds and mammals. 

It seeias desirable that a law be enacted conferring upon the Com- 
missioner of Agricnltnre the power of granting or withholding per- 
mits for the importation of birds and mammals, except in the case of 
domesticated speciesy cex^tain song and cage birds (to be specifically 
enumerated), and species intended for exhibition in zoological gar- 
dens^ menageries J and museums^ which may be brought in without 

special permiis,^^^ V V ^ ^ 

The question of the desirabiiity of importing species of known 
benefioial qualities in other lands is one which sooner or later must 
force itself tipon our notice; and it is highly importaut thgit when 
such experiments are made they should be conducted by or under the 
control of the Department of Agriculture. And it may be suggested 
that isolated areas, such as islands of suitable size and character, be 
selected: for this piirpose, so that the spread of the species may be 
prevented if the resiilt renders this course desirable. 

a HART MERRIAM, ^ 
Chief of Division of Ornitliology and 

Horn NOBMAN J. GOLMAN*, - 

Cxmmissioner, : 
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Sir: I tave the honor to HereBypresent the report of the Division 
of Pomology, giving a synopsis of itsvwork from its establishment un- 
til the present time. The act of Congress which created it took effect 
on J uly 1, 1886, and my appointment as chief dates from that day/ 
As this work is new and untried j so far as the Department is con- 
cerned, except that which Mr, William Saunders, Superintendent of 
the Gardens and Grounds, has done voluntarily, and without the aid of 
an appropriation, there has been no precedent to follow or established 
line of action to which I might conf orm my labors; I cannot say if3ss 
than that I feel highly honored in having heen chosen to conduct this 
work, and its responsibilities are deeply felt by me. The fruit-grow- 
ing industry of the United States, from all that we-can gather by the 
crude and inefficient means at hand, amounts to between two and 
three hundred millions of dollars annually. It is estimated by sev- 
eral careful observers that there is at least as much more in value 
lost by insect depx^edations, by mistakes made in planting unsuitable 
varieties, and in ignorantly caring for the fruit-bearing trees, vines, 
and plants of the United States, a great share of which might be saved 
by our people with comparatively little outlay of means and labor if 
intelligently app^lied. To gather such information and distribute it 
is certainlj within the legitimate province of this division, and is one 
of the mam points towards which we hope to make progress. It is 
with pleasure that I have begun this work, which accords so well with 
my feelings and my chosen life-work/ because I find the pomologists 
and horticulturists all over the country bidding me good cheer. Very = 
many of the leading fruit-growers and life-long experimenters in 
practical pomology, as well as those of a more scientific turn, have 
given me much encouragement by offering their grounds and personal 
rabora to help on the worko 

The heads of the experimental departmentis of all the agriculturar 
colleges visited or corresponded with, have been equally favorable and 
generous. The various rural papers of the country have also offered 
their services. 

Considerable work has been done in the way of gathering speci- 
mens of fruits and making drawings and accurate descriptions of the 
same for future use by the Department. Many orchards, vineyards, 
and experimental grounds have been visited, and information gath- 
ered by myself from personal observation. 

THE FUTITEE OF THE DIVISION. 

Kow that the division has been established, it is hoped that some- 
thing of permanent value for the fruit-growers of the entire country 
may be done, although the present appropriation will not permit the 
consummation or even the introduction of plans that must be carried 
into effect if the division shall fully serve the purpose for which it 
was instituted* 



260 



BEPOET OF THE COMMISSIOHER OF A0BICtTLTUBB. 



A system for tie collection of statistics should be inaugurated by 

wh-icii iniglit be learned the real facts as to the magnitude of our pomo- 
logical industry— its progress and its possibilities. The production 
and consumption by our people of fruits^ both fresh and preserved, 
is in value and extent scarcely less than that of the cereals; and it 
seems proper that similar attention be given to the collection and 
disseMhation of inforiiiation concerni^^^^ 



EXPORTS VERSUS IMPORTS. 

The United States contains some of the largest and best-adapted 
£ruit-i)roducing regions of the world,; and foreign markets should be 
mvestigated^ with a view to the benefit of the home producer. This 
is especially applicable to. that best of all fruits, the apple. And now 
that the evax)oration of fruit has become so successful, it is highly 
important that we avail ourselves of every means to increase our 
exports of fruit products. Already a eonsiderable advance has 
been made in the production of citrus fruits^ and. as this branch of our 
pomological industry is only in its infancy, it is hoped that we may 
in time be able in a great nieasure to avoid the necessity of import- 
ing these fruits. There are also many^ other fruits^ such as the 
gaava> olive, pineapple, and cocoa-'nut, which need the special atten- 
tion of our Q-overnment to encourage and advance their culture. 

COLX.ECTION ANB DISTRIBUTION OF VARIETIES. 



Many of our choicest fruits have been found In obscure parts of 
this country and some in foreign couiitries, and no doubt there are 
others of equal or better qualities that remain unknown to our people 
because of the lack of proper investigations. All such fruits &ould 
be sought out and at once placed in the hands of the people for trial, 
and this work can be successfully done by this division, provided 
means are allowed. This would add considerably to work of this 
kind now being performed in a limited way by the Department and 
add greatly to its usefiilnesSo ^ 



SUMMARY 

In accordance with your; orders, on the 6th day of August, 1886, I 
proceeded from my home at Geneva,, Kans. , to attend the meeting 
of the Central Texas Horti^^^^^ Society at Fort Worth, and to 

visit, such other places as I th best in that State in making 

poiholpgical investigations. I there found assembled a goodly num- 
ber of the workers and ' thinkers who are interested chiefly in 
pomology/ Although this was just ^^^a^^ of a drought of 

exceptional severity in that State, there were shown upon the ex- 
hibition tables many fine specim.ens of luscious peadies, pears, 
plums, grapes, and berries. From the statements made by those 
present I learned that in Texas peaches can be eaten fresh from the 
tree from May to December if care is given in the selection of varie- 
ties. Indeed, the peach is one of the most popular fruits grown in 
that State, as it nearly always bears a good cro^^, and the fruit is of the 
Teiy highest quality. The choicest variety grown, and the one that 
brings the highest price in market^ is the Ghinese Gling. It is very 
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large, of a creamy wMte color, often sligMly Muslied, and of a very 
sweet and delicate flavor. Of grapes tliere was a very fine exMbitc 
Judging from tiie specimens upon tlie table, from wliat was testified 
in the meemig, and f rom wliat I saw in vineyards visited in several 
parts of' the State, it is safe to sa^^ that nearly all varieties of native 
American grapes and some foreign varieties do remarkably well. 
Rot and mildew are prevalent to some extent, but not to snch a damag- 
ing degree as in many other States, This is ovfing to the drier condi- 
tion of the atniosphere. In several vineyards the Triumph, which 
is a variety that usually succeeds poorly in the Korth, was seen bear- 
ing very large clusters in abundauee. Here the Herbemont^ which 
is too tender for the ITorthern States, seems to be at home. Among 
the plums, Kelsey's Japan is j)erhaps now attracting more attention 
in Texas than any other variety. It has been planted there in a 
limited way since 1885, but in only one or two cases has fruit been 
noticed r indeed; it could not be expected on trees so young, although 
^ it is an early bearer. In some cases, towards the northern line of the 
State, the trees were reported tender. Special notes upon this frtiit 
will be found in another part of this report. 

" Prwtt5 >Stmotii'^ is another new variety that was well reported by 
all who had experience with it. I saw it growing in several portions 
of Texas^ aiid tor that matter m many otner States, and in all cases - 
it has proveia a hardy and a thrifty grower. However, its very receM ■ 
introduction has prevented the bearing of fruit so far^ except in a 
very few cases. Perhaps the best information that can be given is- 
toquote the words of Prof. To V« Mianson, of Denison, Tex., on whose 
grounds I saw the largest trees: 

It fruited with me in 1885 for tlte first time, probably the first in the United 
States. The fruit when ripening shmes like aTOles of gold, becoming a rich ver-- 
milion when fully ripe. It ripens shortly after Wild Goose, and showed no defects- 
from attacks of curculio or rot, which were very abundant ia 1885 and destroyed 
ail my blue plums. It is very firm and meaty, equal to any blue plum I have 
ever eaten, and will carry any desired distance. Tree very thrifty, upright; eaily 
and an abundant bearer; hardy in Iowa, arid eadiir^ Texas drought to perfection. 

The Blackman Plum, which has been very generally planted for 
several years, has not^ in any case reported, been known to bear f raitj 
althongh it has of ten bloomede It is now qnite well proven that it 
is a hybrid between the peach and plnm, and> like many hybrids, is 
sterile As a fruit-beairing tree it is a failure^ and fihoiild not be 
planted by any one. - . ; _ ; r 

The Japan Persimmons where it is hardy, seems to be steadily win- 
ning its way into the favor of planters. The trees are often tender 
when vonngs bnt when several years old will stand rather more cold 
than figs. In the southern part of Indian Territory I saw a tree 
some ten feet high which the owner told me had the year before 
borne abont a bnshel of fruity and which then had on it several large 
specimens. The Japan Persimmon is unlike onr native species in 
that its flowers are perfect— that is^ have both stamens and pistils in 
one flower— while ours has the two sexes on different trees. Apples 
seem to do moderately well in a great many places in the northern 
part of the State, bnt late keepers are very scarce. " The Ben Davis 
seenls to be one of the best for that section. As the center of the 
State is approached the climate becomes too warm, and apple culture 
has to be abandoned. Dallas is the name of a new blackberrj'- that 
originated near the city of that name^ and is grown quite largely and 
very successfully in tMt locaJity. 
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Tte OliYe is growing at Mi\ Nat. Stepliens's place^ at Forney, Kauf- 
man Oonnty, and so f ar witli every pros j)ect of success. I had the 
pleasure of seeing the Post Oak Srape^ or, as it is scientifically known^ 
Vitis Lincicmnii, growing and bearing in its native habitat; By 
many this species is confounded with K (B5^it?aZ'?;s^^ it is now gen- 
erally conceded to be distinct. It is found growing in the same local- 
ities and soils as the Post Oak, and hence its name. It is confined 
to high and often rocky lands, but develops the finest fruit along 
little ravines near small rivulets. It is never, or very rarely, seen in 
the low bottom-lands. Its roots are very deep, and a severe drought 
has little effleot on its growth. The territory in which it is found 
comprises Northeastern Texas/ Eastern Indian Territory, Western 
Arkansas^ Southwestern Missouri, and a small portion of Southeast- 
ern Kansas. On the higher lands of this region it spreads its thrifty 
branches and rujis over low busixes, and is sometimes found climbing 
to the tops ot trees. Thislatter.'however, is rather rare, as its growth 
IS genarally low. It is often seen growing in open forests where there 
is grass enough to feed the annual fires, and these frequently kill the 
vines to the ground, but their hardy nature enables them to survive 
and throw out numerous sprouts from the base, much :like a stool of 
the Black-cap Raspberry The fruit varies in color from deep black 
to pale red, and even green. Sometimes the clusters are very long 
and loose, and others are as compact as the Elvira. The berries also 
vary in size and shape, but a^re usually about like the Glintom Their 
taste is of ten rather sour and astringent, but occasionally a vaxietyv" is 
found of mild and delicate flavor.. Some that I gathered were about 
egual to the Gon cord, and many of them better than the Clintouc One 
very promising feature of their fiavor is the entire freedom from the 
foiiness that is so objectionable in all the varieties of V, labrusca. 
The season of ripening of the different varieties is so varied, that at 
least six weeks elapse between the earliest and latest. _ 
- -Strange as it may seem, it is true that until w;ithin the last few years 
no one ox the great army of horticultural experimenters has attemjated 
to cultivate or improve the varieti^^ this species, and it seems the 
more particularly strange w^^ that of all the known 

species of the Ftiis f amily this is the most productive of wild vari- 
eties of high quality. To this any one who knows our native grapes 
and has travfMed through the forests within the territory named will 
bear me witnessv But now we have a gentleman of the most emi- 
nent ability-^ both scientific and practical, in the person of Prof. T.V, 
Miinson, who has taken the matter in hand. He has not only trans- 
planted to his vineyards vines of the best wild varieties he could find, 
hut he has with wondrous care cross-f ertiliaed these with some of our 
finest cultivated varieties, and has grown seedlings from this fruit 
I might say that Professor Mujibob is raising a new race of grapes, 
and vrith the most promising results already. He ha.s several seed - 
lings of excellent quality, and has hundreds more that are yet too 
young to fruit. We certainly have much to expect from this race, 
and especially when it is in'such good hands.: It is really worth a 
trip to'Texas to see Mr. Munson's rows of young seedlings and to 
e L I J ( ! I : c 1 >r-nofit of hi s m to 1 1 ige n t ex pi an nti on s* v^/ e are quite likely 
to gaiu^ from this species and its crosses much in the way of a hard v 
constitution of vine J giving it ability to withstand both drought a^in- 
eold. Norton's VirgiDia Is the neares t approach to this class of grapes 
it being a pure V: mshvali^. \Mr Hermann Jaerger, of Missouri^ h^^ 
also beeB/ experimentiiig with varieties and- cruBmB -ot Vitta Ltnc < 
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cumii for some tew years. He has grown a few varieties from cross- 
fertilized seed that produce fruit of good cliaracter , Tkese two pomo- 
logical experimenters are working eaoh. with an nnderstanding of 
what the other is doing^ and it is to "be expected that something 
good will result. 

Soon after my return to my home near Geneva, Eans., that being 
m^y headquarters at that time^ I was directed to attend the meeting of 
the American Horticultural Society at Cleveland, Ohio^ and to visit 
such other places in Ohio and Michigan as might be desirable in 
my pomologiGarinvestigations. 

In compliance therewith, on the 3d day of September I started 
for Ohio/ and after spending several days at the old home of our 
beloved and lamented Dr. John A. Warder^ examining his orchards 
and pomologioal notes, I arrived at Cleveland, where the meeting was 
held. As the proceedings of that meeting have been quite generally 
published in the papers of the countryj and a full report is in process 
of publication by the secretary, W. H. Ragan, of (Jreenoastle, Ind,, 
it is not deemed desirable to give more than a few of the principal 
points of interest. 

Mr. J. M. Smith, of Green Bay, Wis., read a paper showing the 
eiB.ciency of drainage and thorough cultivation as a remedy for 
drought. He is one of the most successful growers of strawberries 
and other small fruits in the United States, and during the drought , 
of the past summer, .which was one of the severest ever known, by 
the application of these two principles his plants retained their vigor _- 
and bore heavily. Too much stress cannot be laid upon these two 
points in practical j)omology* Underdraining not only carries 6ft a - 
surplus of water, but retains the soil in a comparatively uniform 
stafe as regards moisture ; and every thoughtful farmer knows that 
frequent stirring tends to the same end« In other words either, or 
better yet both, of these methods together make a dryBoil moister 
and a wet soil drier, 

In the discussion of the strawberries it was clearly seen that 
the Oresceni had the greater share of praise as a practical market and 
family berry nearly all over the United States and Canada. In the 
South, Neunan is one of the leading kinds. Among the newer ones^ 
Jessie is perhaps the most promising. It -is a seedling, originated by 
Mr. F. W. Loudon, of Jaiiesville, Wis. The Jewell was also well 
spoken of by nearly all who had tried it, 

Among blackberries the Snyder seemed to be as well spoken of / 
as any, its extremB hardiness (for the colder Western and Northwest- 
ern States especially), productiveness, and good quality offsetting its 
small sizGs fcttatmny holds a good pl^^^ in publio esteem. 
Among the newer kinds, Minnewaska, from Mr^ A. J. Gaywood, of 
New York, is likely to receive favorable notice. It is large and very 
robust in growth, even more so than Kittatinny, and much the same 
in fruit. Lucretia Dewberry is very early, large size, and productive, 
but it is said to be very difficult to ^iok because of its trailing habit 
and ugly prickles. It is also not of hrst quality when oompared with, 
good blackberries. 

In the face of all the discouragements from Mildew and Black-Eot, 
the grape elicited much discussion. Leaving all the older sorts, be- 
cause of their generally well-known characters, both good and bad^ 
1 will mention a few of the newer ones. Niagara and Empire State 
seem to be making a rather even race for the leadership among white 
grapes. Indeed, they seem^ from what I have heard others say and 
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from what I have seen adyance 
^ tLpon tlie varieties Iieretof ore grown. Worden is likely to supplant tlie 
Concord, as it is seyeral days earlier, a little larger and better in qnal- 
ity , and in all other respects fully equal to tliat old standard variety, 
Ulster is a red grape of Mgli quaHty, vigorous in vin-e, and a re- 
markalDle keeper. Poughkeepsie is also a red grape, the product of a 
cross between lona and Delaware^ and of fine flavor. It is, however, 
a little below medium size, and is not a strong grower. These last 
two^eedlings were originated by Mr. A. J. Gay wood, of Marlborough, 

The two pears that seemed to engage the special attention o£ the 
members were Keif er and Le Conte. Specimens upon the tables 
showed both these varieties to be large and handsome, and although 
their flavor was not equal to such standards as Sheldon and Bartlett, 
yet they were passably good. Those grown in the Southern States 
have much less of that peculiar and unpleasant astringency so common 
to the Chinese Sand Pears than is found in those from the north. In 
the exhibit from North Carolina were many fine specimens of the Le 
Conte that would challenge the admiration of any one. The discus- 
sions elicited the fact that neither of these is exempt from blight, as 
some have claimed. 

Apple^ were of course shown in profusion, though there were no 
new varieties of peculiar interest. It was a surprise to a great many 
to see such fine displays of apples from the South as were shown by 
Mississippi and North Carolina. It has been usually thought that in 
Mississippi especially, apples could not be grown profitably, but this 
' is certainly a mistake. Perhaps in a commercial sense it maybe true, 
but for home use they can and should be grown. The higher lands 
of Western North Carolina and Virginia are especially well adapted 
to apple culture. There they may be grown commercially quite* as 
well as anywhere in the United States. - The Yellow Newtown, which 
is a precarious bearer in very many sectionSj does remarkably well 
on these elevated lands. ' ; - - 

After the meeting had closed I had the ;gleasure of Tisiting the 
famous vineyards about E of the city of 

Cleveland. No locality surpasses this for the Droduction of Catawba 
grapes. ^ The vineyards are planted principally on the slopes facing 
. Lake Erie, but many are on the plateau between the foot of the hills 
and the beach, and on the table-lands above and back of the steeper 
slopes. From the summit of the hill above the village of Euclid could 
be seen luUy three thousand acres of vineyards. The greater part of 
these vineyards are set to Catawba, Concord, and Delaware. The 
Niagara is growing here, and I examined one vineyaM in its third 
year that was heavily loaded with fruit. The clusters were large and 
well formed, and impressed me fully as well as a vineyard of the same 
variety that I had seen near Fort Worth, Tex. This is perhaps the 
best variety of white grapes to plant for the States east of the Eocky 
Mountains, unless it be the Empir 

The Michigan State fair, held at Jackson, was next visited. A large 
and very fine display of fruit was exhibited. The apple can be seen in 
its glory in this State, but the show of plums was particularly fine. 
They were mostly from the northwestern counties of the southern 
peninsula. Many of them were equal in size to those grown in Call- . 
f ornia, and of the highest quality. Peaches, pears, and quinces were 
also shown that were both beautiful and delicious. There were sev- 
eral new varieti es of grapes on exhibition. Notable among these was 
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Woodruff. It is of the species V, labriisca, Siiid somewhat resembles 
DracTit Amber, but is much, better in quality. : Indeed it is Yery finely 
flavored and is of a clear amber color, .The berry is large and the . 
bunch medium sized and compact. 

Mr. C P. Gliidester, of Belleview, showed several seedlings^ and : 
among them one of very superior quality, that looked much like Ca- 
tawba and tasted like Brighton. It was named Lyon by the exam- 
ining committee in honor of Mr. T. T. Lyon, the noted pomologist of 
Michigan. It is well worthy of further triaL 

I visited several places of interest at Grand Rapids. One mile 
north of the city, on a high hill, I saw one of the finest vineyards that 
■it has ever been my pleasure to see any where. It was in ahigh state 
of tilth, and the vines were loaded with fruit. Worden was the most 
profitable variety grown there. The fruit of that variety v^ as mostly 
marketed, but some of the vines were yet loaded, and afforded oppoi^- 
tunity to see how it did. Certainly it is all that the Concord can claim 
to be in every respect, and more in some particulars. The Concord 
in this vineyard was barely fit to market when I was there (Septem- 
ber 21), but the Worden was nearly gone. Besides, the fruit was 
larger and better flavored. 

A peach orchard covered the crest and slopes towards all points of. : 
, the compass. On the south and west sides and on the crest the trees 
were either dead or injured by the winter of 1885-'86. The greatest 
damage was on the southern slope. On the northern and eastern 
slopes there was a heavy crop of fruit then on the trees. 

At the fair then in progress at Grand Rapids I saw a grand display 
of quinces, mostly from the western counties of the State. Plums 
were also shown equally as fine as those seen at Jackson. These were 
mostly from, the region of Traverse Ba}^, to the northward, and near 
Mackinaw Straits. The apx)les, peaches, and pears were also large . '-. 
and luscious. ; Making my way northwestward about 100 miles far- 
ther, I spent some days in examining the fruits of the Grand Traverse " 
region. 

V Here quite a different state of things was manifest. The condition 
^of all fruits was much later than that in the regions South. The 
plum crop was about gone at that time, September 24, but I could ■ 
■ see from the bent and broken branches something of their departed 
:glory, and here and there was to be found a belated specimen. I . 
took much pains to determine, if ]30ssible, the cause of their success. 
I examined the orchards and questioned the owners. Some had used 
the jarring process to catch the cur culio. Others had sprayed the : 
trees with Paris green and some with London purple. Occasionally 
one had tried^all these plans. Many had done nothing to prevent the 
vravages._of this little pestiferous insect. In all cases, including those 
^ in which lio remedy had been tried, a crop of plums had been gathered. 
X came to the conclusion that nature had by some means cut short 
the numbers of this insect, and an abundance of fruit had been the 
. result. But I was assured by many that this was an unusual cir- 
cumstance, for nearly every year they have suffered a considerable 
diminution of the yield by; reason of the curculio. All the orchard 
fruits seemed to be flourishing. Apple trees were bearing a full cr op , 
Near Manistee, and in the region of Bear Lake, Frankfort, Benzonia, 
>nd Traverse City this fruit was cemparatively free from insect or 
: fungous affections. Some varieties, such as Fameuse or Snow and 
Swarr, were troubled with scab. But thelighter fungous disease, that 
give the apples a dirty appearance in the South and West, was not 
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apparent. It is too cool f or ife natTiral clevelopment. The apples of 
this region are especially good keepers. Tiie very late and mild 
falls ena^ble them to develop size ajnd color and yet not liasten tlieir 
ripening. Indeed, the climatic conditions of. this section of onr coim- 
try are very pecnliary and I may say very favorable for many kinds 
of frtiit. I gathered Carolina June, and Primate apples from the 
trees in the first -week of October near Benzonia, and Grimes Golden 
and Colvert were qnite eatable at the same time. The Baldwin does 
finely, but the Be^ Davis and Winesap are out of their latitude. 
Pears grow Inxtiriantlyo Some Sheldon trees that I saw were loaded 
with specimens that would grace any exhibition table. Peaches also 
do quite well. It seemed strange to gather peaches within fifty miles 
of Mackinaw, when six hundred miles south of there the cold of the 
previous winter had killed every peach-bud. The secret of the 
whole matter is the influeQee of the great lakes in tempering the 
atmosphere in winter, so that it is not so cold nor so dry as it is for 
manv miles south of such influence. Grapes- were just beginning - to 
ripen whm I left, about October 10, However/ 1 saw some very 
fine little vinevards ot. Delaware and Agawam^ in which there was 
no sign of mildew^ black-rot, or any disease. The vinejs and fruif 
laokea as clean and bright as if they had been washed every day. 
However; it is rather too far iiorth for successful grape culture^ except 
in very peculiar situations on southern and eastern slopes. 

Before returning to my headquarters, I proceeded, under direc- 
tions, to Springdale, Ark., where was being held a fair of the Ar- 
kansas State Horticultural Society. This place is in the northwest- 
ern portion of the State^ and in the midst of the best apple-growing 
counties. 

In size and beauty the apples of this section can rarely be equaled, 
; because the soil and climate are well adapted to their growth; and 
much attention is now being given to this branch of pomology by 
the farmers. One thing that interested me particularly was the 
large number of seedling apples of high quality. I think fully fifty 
varieties were shown that were entirely new. Some of these are 
worthy of further trial b^ experimenters, and a very few of these are 
described and illustrated in this report, as well as some already some- 
whatknowm ^ j- . . 

A meeting of the State Horticultural Association of Pennsylvania 
was held January 19 and 20, 1887, at which the Department was rep- 
resented by the Pomologist. At that meeting there was a goodly 
number of the horticulturists of this great State, and the tables were 
covered with fruits. Notable among the apples shown was York Im- 
perial, which is a native seedling of the vicinity of York^ in that State. 
Although not a new variety, it is not nearly so well known asitshould 
be. . The fruit is of a bright red color and excellent flavor and keep- 
ing qualities. It also succeeds remarkably well both East and West 
as a profitable orchard variety. In Kansas and Missouri I have seen 
it doing remarkably well, and! it is worthy of general cultivation. Its 
only defect is, that it is often of an irregular, or rather a diagonally 
inclined form, W'hich is found objectionable when paring it on a 
miachine. 

The subject of ^^ !N'ut Culture,'' a,nd especially the chestnut, was 
discussed with much interest. The rough and worn-out fields of this 
State seern peculiarly suitable for nut trees. There are a few im- 
proved kinds of chestnuts, which are far more desirable as to size of 
the nut and early bearing than tiie common native varieties. Mr. H. 
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M. Englej of Marietta^ Pa., lias one xDf speGial. merit. It is mncli 
regretted tliat tlie pressing character of duties at Washington at this 
time did not permit a more extended visit and to different parts of 
theState. : _ ^ ; 

On the 26th and 27th of January the Western Few York Horti- 
cultural Society held a winter session, at which this division was 
represented. 

This is one of the oldest and most active horticultural societies in 
the United States. The membership is large, and the attendance at 
this time was quite fulL The display of fruit was especially fine. 
Messrs. Elwanger & Barry, of Eochester, were the principal exhib- 
itors^ and their show of pears was very choice. Such specimens of 
Anjou are rarely seen, even from Calif ornia, and their flavor was of 
the very highest quality. 

The show of apples was not large, but the varieties wera mostly 
new and rare. Sutton Beauty and Belle de Boskoop were among 
them, and: seemed to be in good keeping order. The Niagara grape _ 
was in excellent condition. This seems to be a grape of good keep- 
ing qualities. The Emx3ire State was there, too, and its flavor even 
at that date (January 27) was very good. A new plum was shown 
by Mr* S. D. Willard, called the Stanton, which is a freestone and of 
most superior quality. It is worthy of further trial. The Jessie 
strawberry was discussed at length, and generally thought to be a 
variety of much promise. - - : - 

NEW FBUITS. 

The following rules are copied from the proceedings of the Am.eri- 
can Pomological Society and are most earnestly indorsed and urged 
upon the, people as desirable to put in practice: ^ 

Section I.—Naming AND DESCRIBING NEW FRum 

Bule 1.— -The originator or introducer (in the order named) has the prior right to 
bestow a name upon a new or unnamed fruit,, 

Bule 3.— The society reserves the right, in case of long, inappropriate, or other- 
wise objectionable names, to shorten, modify, or whoUy change, the same when.they 
shall occur in its discussions or reports, and also to recommend such changes for' 
general adoption. 

Mule 3.— The names of fruitvS should preferably express, as far as practicable, by 
a single wordj the characteristics of the variety, the name of the originator, or the. 
place of its origin. Under no ordinary circumstances should more than a single 

word be employed. 

Mule 4— Should the question of priority arise between different names for the 
same variety of fruit, other circumstEnces being equal the name first pubhcly be- 
stowed will be given precedence. 

5.— To entitle a new fruit to the award or commendation of the society, it 
must possess (at least for the locahty for which it is recommended) some valuable 
or desirable quality or combination of qualities in a higher degree than any previ- 
ously known variety of its class and season, 

Eule 6.— A variety of fruit having been once exhibited, examined, and reported 
upon as a new fruit by a committee of the society, will not thereafter be recognized 
as such so far as subsequent reports are concerned/ 

THE OBaNGB. • 

Ballia, Bynonyms: WasMngton Navel and Biverside Nav^^^ 

This orange is attracting tbe attention of the growers in Florida 
and California^ and is being sought after by their customers in the 
Forthern States. It was first brought to this country by importa- 
tion rom Bahia, in BraKil^n by Mr. William SaunderSj of thic 



268 BEPORT OB^ THE COMMISSIONBa OF AGRIGULTUEE. 



Department. There wer^ twelye trees in tMs first and only importa- 
tion^ MHch were se liim l^y a lady then traveling in Brazil. 

It was sent out hy this Department nnder the name Bahia, but was 
hy some changed to Washington i^ayel. Two of the first trees to 
bear, aside from the orange house of this Department, were on the 
gronnds of Mrs. L. C. Tibbetts, at Riverside, Cab , and a:s buds were 
taken from these, trees it got the name of Riverside 

The accompanying eolored illustrations were made f^^^ specimen 
grown by Mr^ E. H. Hart, of F^^^ Point, Fla., and are exactly 
life size.; It is rarely that even one seed is f ouiid in a specinien, and 
the flavor of the fruit is par excellence. By some it is said to be a 
rather shy bearer. The investigation of this subject is now occupy- 
: ing my attention, and it is hoped that by another year we may have 
the matter quite conclusively settled. There is also such a wide di- 
versity .^f opinion as to whether the name Bahia or Washiiigton 
Navel should supersede, and it maybe found best to accept the latter. 

THE PEAR. 

Le Conte. 

This pear is now attracting much attention, especially in the South. 
In answer to a letter of mine, making inquiry as to the early history 
of this variety, the following was received frona Mr. John L. Harden, 
of Walthourville, Ga. : 

- Maj. John Le Gonte, of New York City (and afterwards of Philadelphia), in the 
year 1850 had a number of fruit trees and other plants put up for his niece (Mrs. J. 
L. C. Harden, my mother), of Liberty Coimty, Georgia, at a nursery in Kew York 
or Philadelphia (most probably New York), and among them was a rooted cutting 
. of what was marked " Chinese Sand Pear." Major Le Conte was informed by the 
■proprietor of the nursery that the pear was only fit for preserving, as it never ma- 
tured in this country. Contrary, however, to expectation, it matured in Liberty 
County, and proved to be a ^ fl^^ and productive pear. The original tree is now 
owned by my mother's heirs, and is still vigorous, although not cultivated in any 
way, and produces from 10 to 2^0 bushels each year. 

So far as I know, there is no disease to which it is liable. I have known one of 
my own taken from the mother tree that died partially, but I allowed it to remain 
the whole season through, pruned off the dead branches in the fall of the year, and 
: it is still living and is vig'orous. 

Size, large; shape, roundish, conical, tapering towards both ends; 
surface, smooth, yellow, no ru^^^ dots, very numerous, 

Bniall; basin, narrow and deep; eye, small, open, segments often drop 
"off ; apex, very slightly sunken; stem, medium length and stout; core, 
large, closed; seed^s, large, light colored; flesh, very tender, j uicy, rots 
at core; fl.avor, not rich, hut pleasant, somewliat astringent; quality, 
medium, not equal to Flemish Beauty^ 

THE APPLE. 

Arkansas Black. 

: This is a variety that has heeii making a favorable impression both 
in the region in which it is grown and upon pomologists who have 
investigated its qualities. Although I have not seen the tree, and do 
not know of it from personal experience, it is reported on good au- 
thority to be productive. There is scarcely an apple that is more 
brilliantly colored. The specimen here described and illustrated was 
grown in 1886 by H. B. Woolsey, of Bentonville, Ark. 
Size J medium, 2i to 3 inches; shape, round or slightly conical, reg» 
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ular; surface/ smooth, glossy, yellow where not covered with deep 
crimson, almost black; no stripes visible; dots, small, light colored, 
shown through the dark over-color; basin, very shallow; eye, small, 
closed; cavity, rather shallow^ narrow, russeted; stem, medium, 
slender; core, inclined to be loose or open, clasping the calyx tube; 
seeds, small, short, plump, light brown; flesh, very yellow, firm, fine 
grained, juicy; flavor, subacid, pleasant, rich;- quality, very good; sea- 
son, December to March in ArkansaSo 

Elkhorn. 

The Elkhorn is an apple which originated on the old battle-ground 
of Pea Ridge, Arkansas, near Elkhorn tavern, and was given the name 
from that fact. It was brought to notice by G. F. Kennan of Bright- 
water, Ark., in the fall of 1886, and promises well. 

Size, large to very large, often 4 inches in diameter; sh^e, flat, 
not conical, regular; surface, yellowish, well covered with ramerdull 
mixed red and darker stripes; handsome but not brilliant; dots, 
numerous, very large, light gray, on distinct and lighter bases; basin, 
large, closed or nearly so; cavity, wide, deep, heavily russeted; stem, 
very short, slender; core, large, clasping, open; seeds, large, flat, dark 
colored" flesh, yellowish, firm, a little coarse, juicy; flavor, subacid, 
mild, pleasant, rich; quality, very good; season; December to spring 
in Arkansas. 

Crawford, 

This is an apple that is worthy of trial; It originated with James 
CraAvford, of Boonesborough, Ark., and the specimen from which I 
made the accompanying drawing was from him. 

Size, large, 3i to 4 inches in diameter; shape, flat, very slightly con- 
ical, very regular in its outlines; surface, smooth, yellow, of ten'beau- 
tifuUy blushed; dots, very prominent, numerous, large, light gray; 
basin, very deep, large, regular; eye, large, open; cavity, deep, wide, 
regular, heavily Tusseted; stem, medium length, slender; core, very 
sma,ll, coinpact, outer line indistinctly marked; seeds, short, plump, 
li^ht brown; flesh, yellow, tender, fine grained, jucy; flavor, sub- 
acid, rich; quality, very good; season, December to March or later 
in Arkansas. 

Siloam, 

^This is another of the new varieties that has been brought to no- 
tice in Arkansas . It originated on the farm of Mr. Jarnes Carl, of 
Siloam Springs, and is quite likely to prove a winter apple of excel- 
lent keeping qualities. 

Size, medium, 2^ to 3 inches; shape, flat, regular, almost like 
Rawle's Genet; surface, smooth, yellow ground about half covered 
with rather dull red stripes and splashes; dots, numerous, small, light 
gray; basin, shallow, regular; eye, small, closed; cavity, shallow 
russeted; stem, very short; core, wide, nearly closed, clasping the 
calyx tube; seeds, small, plump, dark; flesh, yellow, fine- grained 
juicy; flavor, subacid, rioh; quality, almost best; season, December 
to spring in Arkansas. , 

• Shannon. 

Tliere has been so much said lately about this variety that a de- 
scription is here given, although it is not new. For many years 
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ther^ has ^5eeB s(toe confiision of tMs variety- witli one known as tlie 
Oliio Pippin. But after Garefnlly studying the specimens tliat I liaya 
receiyed under botli names, and examining the trees^ I think they 
are distinct. The specimen from which I made the accompanying 
illustration and written description was grown by Mr, Garrett Wil- 
liams, of Hinesville, Ark. , in 1886, It was a fair average specimen 
in all respects^ and came from near where the variety originated in 
- that State. 

Sizej large to very large, 3 to 4 inches; shape, flat, conical, regular^ 
or appearing a little elliptical when viewed from the end; surface, 
very smooth, yellow, occasionally faintly blushed, with a dull over- 
cast of whitish blotches and streaks; dots, small, indistinct, white or 
Bghtgray ; basin, shallow, waved a little; ey 

cavity, shallow, regiilar, russeted; stern, very short, often fleshy; 
core, wide, opeii, clasping the calyx tube; seeds, short, plump, dark; 
-flesh, yellow, rather coarse, j^iicy; flavor, mild, subacid, not rich; 
quality, good only; season, October to February in Arkansas. 

r Pilot 

This new seedling has been brought to notice in Albemarle County, 
Virginia. It grew up where some rotten Yellow Newton apples had . 
been thrown out, and is supposed to be a seedling of that variety. 
As this occurred on a farm near the base of Pilot Mountain, it has 
been given the: name Pilot. 1 am much pleased with its character, 
but it ;is yet to be proved valuable in other localities. It has been 
planted in some or the orchards in that locality, but seems to have 
the fault -of being a very tardy bearer. Some trees have not fruited 
until over fifteen years old. This may ^^p bad fault, but it is 
worthy :o£ iurther trial. ^ ^ ^ ^ : : 

Size. mMium to large, ^^^^^ shape, round, regular; surface, 

smooth, the yellow under-color is alniost hidden by dull mixed red 
and brighter splashes^ over which is a grayish coating; dots, numer« 
ous, large, gray, often star-shaped; basin, deep, regular; eye, rather 
small, clbsed; cavity, shallow, narrow, slightly russeted; stem, short; 
core, closed or slightly open; seeds, plump, light brown; flesh, yel- 
low, fine grained, firm, juicy; flavor, mild subacid, rich, aromatic; 
quality, very good or best; season, January to spring in Virginia. 

Burlington, 

One of the most richly colored and flavored apples that I have met 
with is a seedling of Grimes's Golden, originated by H. R. Teller (now 
. deceased), of Albia, Iowa. 

Size) small to medium; shape, round or truncate, regular; surface, 
rough, rnixed red and russet an yellow ground; dots, small, gray, on 
large russet bases, especially those near the stem; basin, deep, folded, 
and very uneven; eye, medium, very widely open, segments short] 
cavity, narrow, shallow, much russeted; stem, very long and slender; 
core, small, narrow, closed, almost meeting the calyx tube; seeds, 
rather few, small, but very full and plump, light colored; flesh, very 
yellow, very fine grained, heavy but tender, juicy when fully ripe j 
flavor, very mild subacid, almost sweet, rich, aromatic; quality, bestj 
season, Becember to spring in Iowa. 
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NortJiwesterri Greemng, 

This apple is of Wisconsiix origin, where it is being sought after on 
account of its fine appearaiice and reputed hardiness, although the 
latter is doubted by some who have grown it. However, it is worthy 
of trial. . 

Size, large^ 3 to 3i inchesj shape, nearly round, very regular; sur- 
face, very smooth, often green, but yellow when fully ripe; resembles : 
Lowell; dots, scattering, mostly dark, with some very light; basin, 
wide, shallow, a little folded or gathered; eye, rather large, open; 
cavity, medium, regular, a little russet in bottom; stem, medium, 
rather slender; core/large, nearly closed; seeds, small, plump, gray- 
ish brown; flesh, yellow, rather coarse, juicy- flavor, subacid; 
ity/ good^^season, D 

WblfBimr. 

This variety will be remembered by many as one which is beini^ 
well spoken of f or the ISrorthern part of the country. It originated ' 
in Wauj)aca County, Wisconsin, and was brought to notice%y W. ' 
A. Springer, of Fremont, in that State. It is almost identical with 
Alexander in. nearly all respects, and I have sometimes thought it is 
that variety. But the origin of "Wolf Eiver as a seedling is quite well 
established, the fruit seems to keep later, and the trees seem to have 
a different look, and prove hardier. It has been grown in several - 
other States, where it has almost universally proven valuable. I 
made this drawing from a specimen received from Mr. Springer. 

Size, large to very large, 3 to 4 inches; shape, flat, conical, regular; 
surface, smooth, mixed and splashed bright red on whitish-yellow 
ground, very showy; dots, scattering, light gray, large; basin, shal- 
low, small; eye, medium, open, segments reflexed; cavity, deep,SFide, 
very much russeted; stem, medium to short, stout; core, very large, 
-wide, open; seeds, numerous, small, short, plump, dark colored; flesh/ 
yellowish-white, tender, coarse, gets dry as soon as ripe; flavor, sub- 
acid, not rich; quality, medium only season, November to February 
in Wisconsin, . ■> ;^ > 

Waupaca, 

This is another variety that originated in Waupaca Oounty, Wis- 
consin, whence it received its name. Mr; William A. Springer is the 
introducer, and my specimens are from the original tree on the farm 
of Elijah Wrightman. It is said to be very hardy, and is recom- 
mended for trial in the Forth. 

Size, medium, 3 inches; shape, flat, a little conical, irregular, an- ^ 
gular; surface, smooth, mixed, and diffused carmine, splashed with 
darker red on yellow ground; dots, small, very light, prominent- 
basm, narrow, not very deep, slightly waved; eye, medium size, open' 
segments reflexed; cavity, medium depth, wide at top, russeted; 
stem, medium to short; core, closed or slightly open, pyraform, meet- 
ing the calyx tube; seeds, wide, flat, short, dark brown; flesh, yellow 
tender, juicy, coarse; flavor, subacid^ pleasant; season, December to 
February in Wisconsin. 

Scoff s Winter. 

We have here a variety that is a seedling brought to notice by Dr 
T. H, Hoskins, of Newport, Vt, It ori near that place, and 
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seems to be esteemed in that locality Horthwesterii 
States for the hardiness of the tree and its brilliantly colored friiit. 
Althongh it is a little too tart for dessert pnrposeSj it is liked for cook- 
ingv It is called one of our native iron-clads. My specimens were 
from Vermont. - . ' 

Size, s lall, 2-1 inehes; shape, flat, conical, irregular; surface, smooth, 
light yellow, almost hidden by bright red blotches and stripes; dots, 
exceedingly minute, almost undiscernible, light colored; basin, deep, 
narrow, waved; eye, small, closed; cavity, small, narrow, russeted; 
stem, medium to short, slender; core, small, nearlj^ closed; seeds, 
small, x)^"^i^P» rather light colored; flesh, white, with sometimes a 
tinge of pink, tender, fine grained, juicy; flavor, subacid, quite tart, 
but pleasant; tjuality, good; season, December to spring in Vermoni 

Antonovka. 

This is one of the Russian varieties that is quite highly spoken of 
by Professor Budd and others who have grown it in Iowa and Wis.- 
consin. Others think it is not a late keeper. My drawing is from a 
specimen given me by Mr. Gf. ^, Peffer, of Wisconsin, which he ob- 
tained from Mr. A. G. Tuttle, of Baraboo,_in that State. 

Size; sniall to medium, 2i to 3 inches ; shape, flat, slightly conical, 
irregular] angular; surface, rough, yellow, slightly blushed or 
bronzed; dots, numerous, small, light; basin, rather shallow, abrupt, 
narrow folded; eye, wide open, segments short; cavity, shallow, nar- 
row, lightly or not at all russeted; stem, very short, fleshy; flesh, 
greenish white, rather coarse, tender; flavor j subacid, not rich; 
quality, rather poor; season; October to January in Wisconsin. 

Boardman. 

A box of very handsome apples of mediutn size and quality was 
received from Mr. E. H. Purington, of West Farmington, Me., said 
by hira to be from a seedling of the Dean, and which I named Board- 
man, in honor of the secretaiy of the Maine Pomological Society. 
Below is a description of one of the specimens : 

Size, small to medium, 21- inches; shape, flat, conical, but not 
pointed, regular; surf ace, smooth, glossy, bright mixed and splashed 
carmine: almost entirely covering a white ground; dots, not very 
numerous, gray, prominent; basin, medium, abrupt, regular, slightly 
marked, with russet or leather-craoked; eye, small, partially open; 
cavity, deep, narrow, furrowed, but little russeted; stem, long, slen- 
der; core, small, closed; seeds, broad, plump, sharply pointed, dark- 
flesh, very white, tender, fine grained, juicy; flavor, subacid, not 
rich; quaiity, good; season, pecember to spring in Maine. 

T:HE PLUM. 

Kelsey^s Japan, 

This variety is becoming quite famous as a fruit of high quality, 
and an a.bundant and early bearer. It is from 2 to 2i inches m 
diameter, and heart-shaped. Its color is rich yellow, with a tint of 
purple. But it is quite tender, and should not be planted north of 
Tennessee. Mr. Munson, of Denison, Tex., says that the hard freeze 
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of January 7, I8863 killed joimg txees of this variety tlierG. Mr.;- 
Eizo Ta"mari, of Japan^ says tliat it is too tender to succeed in tlie 
nortliern part of tliat country. To determine tlie botanical name of 
the species to wMcli this yariety belongs has puzzled all the botanists 
in the United States so far as I know. There are no specimens in the 
herbarinms of the country that give us any light, a.nc! Mr, Xizo Tamari 
has repeatedly stated to me that he does not tLink it belongs to any 
. of the species native in Europe or ikmerica. This is a matter that is 
now engaging my careful attentiom 

Prof. E. "W". Hilgarcl^ of the University of California, under date 
of January 22j 1887, writes the following relative to this plum: 

Youi* letter of inquiry regarding tlie antecedents of the Kelsey Japan Plum" is 
duly received. I have requested Mr. E. J, Y/iokson, lecturer on agriculture and 
horticulture in this iustitution, to give you an account of the history of the fruit so 
far as known to him, and I inclose herewith his renmrb^^ 

I became acquainted with the fruit in 1876, wh.en I iilanted my home orchard here, 
for which Mr. Joim Kelsey, my near neighbor, su]>];]ie(l the trees, among them two 
of the Japan phinis. They were at the time badly infer^ted with the oyster-shell 
scale, a species that does not usually attack plums, and it was not until four or five 
years after j^lanting that I succeeded in freeing the trees entirely from the pest. 
Since then they have done well ajid have borne regularly, but in their own peculiar- 
fashion. In this climate the tree is never entirely without leaves, to-day the ends 
of the branches are leafy and green, and the old leaves Avill fall only when the new 
buds begin to swell. The first blossoms usually open when the leaves are about half 
grown and so continue for several weeks, new blosBoms opening sometimes when 
• the hrst have already fruit nearly an inch long. The result is that tlie fruit h'kewise 
ripens consecutively, a very convenient JiaMt for family use, but rather objectiona- - 
ble for culture on a large scale. I liear that the same experience has beemiiad by 
others on heavy soil similar to mine here, while on lighter soils it seems more 
regular in its habits. " 

I havQ not looked into its botanical relationship, nor attempted its identification 
with the described species of Fnnnis f Tom Japan. Of j^iUieriean plums it resembles 
in habit very nearly the P, cJdcasa, for which in tbe absence of fruit it might readily 
be mistaken. I will look into the characters of the other alleged J apan plums men- 
tioned by M^Wickson, and communicate resuUa to you. 

Mr/ Edward J; Wickson, of the Agricultural College at Berkeley^ 
Cal., makes this menioranduiii on K 

The fruit was first shown to me during the ]ast week in August, 1877, by the late 
John Kelsey, of Berkeley, Cal. He informed me that the fruit was introduced to 
this State throiif^h the efforts of Mr. Hough, of Vaeaville, x^olano County, then de- 
ceased, in 1870; and that Mr. Hough secured the trees through. Mr, Bridges, at that 
time United States consul in Japan. The trees cost $10 each and Mr. Kelsey in- 
formed me that he obtained all the stock from Mr. Hougli, 

It is my unpression that Mr, Kelsey left the trees standing in the nursery rows 
until fruit appeared. I am not sure how soon they first fruited, but I remember 
that Mr. Kelsey told me that he had expected to shov/ the fruit sooner, but it had 
been taken by squnrels and intruders. The samples shown me in 1877 were picked 
a little short of maturity to secure them. Mr. Kelsey v/as assured of the value of 
the variety and propagated it to some extent. One thing which he conceived to 
prove the tree of special value was the fact that in the dry summer of 1877 Ms Japan 
plum trees were vigorous and productive, wliile some other varieties (tlie Columbia 
and Yellow Egg being specified) suffered severely from the drought. On a branch 
which Mr. Kelsey showed me there were six plums wedged tightly together on six 
inches length of wood. The good points which Mr. Kelsey saw in the fruit and in 
the tree led him to propagate it to a considerable extent. 

The name Kelsey's Japan Plum " was not given to the fruit until after Mr. Kel- 
sey 's death, and v^as then "placed upon it by those who desired to Jionor his memory 
and to make fitting recognition of his good Vvwk in pomology. The propagation of ^ 
the variety was midertaken on a large scale in 1883 by W. P. Hannnon & Co., of 
Oakland, Cal. , who obtained the stock from the heirs of Mr. Keisej^ The first largo 
sale of trees was for the planting season of 1884. Although the stock had been in the 
hands of other nurserymen and growers for some years before that time, its wide 
distribution elates from that year. 

There are a number of other ' Jaj^an plums' in the hands of California growers, 
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•wlaiclij however, arB quite diiierent- from tho ' Kelsey.' The Loquat is often called 
a JaTian^plmnj but I do not intend to mclticle tlia-t" fruit. Mr.; A. D. JPryal, of North 

■- TemeBcai,. has shown at the fairs and at the meetingB.of the State Horticultural So- 
ciety Beveral phnns of Japanese origin. They vary considerably in form, size, and 

.-.color from- each other, and are all more regular hi outline than the Kelsey. Mr. 
Pryal hayi Jo|)anese names for them. Mx, James Shinn, of Niles^ Alameda Comity, 
u' J \ iih a corieetl',11 of Jaisanesephims, varying in color from lemon yellow to dark 
red, ond very different in flavor; one variety I remember is of especial sweetnesB.- 

'Hie Kelsey Japan Piam has been worked on different stocks by our nurserymen, 
and t] lere is some difterence of opinion as to results. Considerable i^lantations have 
been liuide, but I am not aware that the market value and adaptations' of the fruit 
have yet been, fully- dctemined. ; y" - ■ 

; OECHAIIDING- IN. NORTHERN NEW ENGLAN3>. ■ - 

By request -of the Poinologist of -the Department of A.gricultural am induced to 
give a sketch of the introduction of the culture, of tree fruits into those parts of'N^w 
' -Engmnd. adjacent to. the Canadian Dominion. All; of this section .of country has 
been settled during the present century, and most of it within fifty years. The iirst 
consider able ad vent of T>ox3ulsition into Northeastern Vermont was about the period 
of the war of 1819, Tliis continued subsequently mitil the population in 1860 was 
nearly as dense as in any part of the State; ; ; ^ 

- Tlie early settlerB ijjade frequent; attenij>ts to gvcrw the tree fruits of their native 
States, ai'A- t^; ^ i'diei:. '^*es;;, UMlilthiy I'oL '.s r^.moithas themouthoi Passumpsio 
(about d4 de^Tc^ Kurrii). Up to ihis poh...^ e^ en tne Baldvdn can be grown, top- 
grarted/ into hardier trees, in favorable spots, but not profitably, on the commercial 
scale, far above the mouth of the Wliite River (about 43 degi'ecs North). The Baldwin, 
vdth the Rhode Island Greening a Russet, but little hardier, are the great 

market apples of New England ; and it was difficult to lind anything to adequately 
replace them, though the McLellaii of Connecticut, Jewctt's Fine Red (Nodhead) of 
TMew Hampshire, and later the Northern £^py aiid the Bethel (the last a native 
seedling of . the Connecticut Valley town of thai; hiuiK^), were adopted as substitutes 
. to some extent. , 

'• ■ -.-FoB-Owing up the Passumpsic Yalley nearly duo north, and rising fast in altitude, 
■the last towns in wiiich orcharding was made even moderately successful, until 
within .the . last twenty years, were Barnet, Pcacham, and -Danville, in Caledonia 
County* Those who pushed over the divide and settled Orleans County, south of 
and around Lake Memphmmagog, thoiigli they planted many seedling orchards, 
■occasional trees of whicH maintained a struggling existence, never were able to pro-- 
ducc nmrketable fruit to any appreciable extent, and until the advent of the rail- 
road, about 186S,.good eating apples were about as mucli of a rarity as oranges there. 
It may as well be noted here that the apple-producing region of the Saint Lawrence 
River extends not far below Montreal and only a few miles up the tributary vaUeys 
of the south bank. The altitude of Lake Memphremagog is about 800 feet above the 
sea, but the country around it rises from thai to l ^SOO feet, at which last-named 
height axe found many of the best dahy farms, in the same latitude, 50 mhes 

- West, on Lake Champlam, less than 100 hundred feet above the sea, in. a lo%v vaUey 
extendiiig froin the Atlantic at the mouth of the Hudson to Montreal, all the ti'ee 
fruits of lower New England, except the peacb, are successfully grown. This dif- 
fermce in ahitnde is fully equivalent to tlnee degrees of latitude in its effect on 
orchard fruits. 

About the year 1864 a number of improved Siberian crab seedhngs-— most of them 
evidently a cross with the Fameuse, so extensively grown about Montreal— were in- 
troduced from Canada, and planted in OiieanS, Essex, and Caledonia Counties. 

These were the fu'st apple trees genuinely successfm m that section. They were 
peddled at |1.50 each, and were eagerly bought. One dealer claimed, I have no 
doubt truly, to have sold 143,000 worth in a single year. Three afterwards 
the writer planted on his farm, near Newport, on the lake, an orchard, in which 
were set the Tetofsky, Duchess of Oldenburgh, Red and "White Astrachan and Alex- 
ander— aU Russian apples, which had been grown many years in Eastern Massachu- 
setts, from whence he had removed the previous yea,r. To these were added many 
of the crab hybrids, and ah apple from Montreal, some time before inmorted from 
Normandy, in France, and now known to pomology as the Peach of Monti'eal. Be- 
sides these, tlhrfcy other varieties, called the hardiest in Maine, New Hampshire, and 
Canada, were planted, iimong these the only true iron-clad found was the Bethel 
of Vermont, though Fameuse, Ben Davla, and Sops of Wine have i3roved sufficiently 
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resistant to the climate to yield a little profit. Both Red and White Astrachan and 
Alexander have proved unprofitable, the first and last being not quite hardy, and 
the other not productive enough for profit. 

None of the successful apples in the above list are keepers except Bethel, which, 
like Northern Spy, is very tardy in coming into full bearing. In 1870 a large num- 
ber of scions from Russian trees, imported by the United States Department of 
Agriculture, were sent into Vermont for trial. The only persons who seem to have 
taken any pains to test these were Aaron Webster, of Roxbury, Vt., and the writer. 
Mr. Webster received by far the larger assortment, and, having a large orchard, he 
was able by top grafting to get fruit from most of them in a few years. My own 
were root-grafted, and did not come to bearing so soon. It was soon found that 
these Russian apples were to make most valuable additions to our list of summer 
and fall varieties, but among them all (I refer to those sent to Vermont) only two 
genuine all-winter apples were found. These are the Borsdorf (341) and Little Seed- 
ling (410). The chief merit of the latter is in its remarkable keeping quality, so rare 
among the Russians. It will keep until apples come again " with little care, and 
being quite iron-clad, ought to be utilized as a mother-tree to grow crossed seedlings 
from. The Borsdorf, though only of medium size with good culture, is of nice ap- 
pearance and excellent quality. If it had not been for the advent of the Wealthy it 
would have received much more attention than it has. 

The purpose of tliis paper is not to give a detailed description of hardy fruits, but 
merely to outline the history of their introduction, and of their successful culture, 
in Northern New England. Though the writer came to Vermont from Massachu- 
setts, he is a native of Maine, and as soon as he had solved the problem of apple 
culture for Northern Vermont, his thoughts turned to the vast and fertile Aroostook 
region of that State, covering an arable territory as large as the Avhole of Vermont. 
Even the southern boundary of that section is 100 miles north of the north line of 
Vermont, but its much less altitude (scarcely anywhere more than 300 feet above the 
sea) and its proximity to the ocean prevent the winter's cold from being greater there 
than here. A nurseryman in Woodstock. New Brunswick, had distributed some of 
the early imported Russian apples and the Fameuse in Southern Aroostook, as well as 
some of the hybrid Siberians, about 1868, and these were the only apples grown there 
when, in 1872, I began to send scions to the addresses of Arocstook farmers whom 
I found mentioned by the Maine agricultural press as attempting to grow apples. 
This I have continued, and twice, at the invitation of the secretary of the Maine 
Board of Agi'iculture, I have visited Aroostook and taken part in the discussions in 
the board's meetings on the subject of orchard culture. In this way I have become 
somewhat acquainted with the resources of this, by far the finest, as well as the 
most extensive, agricultural region of New England. For dairy, stock, and fruit 
farming Aroostook is inferior to Western New York and Ohio on [y ia its colder win- 
ter temperature. It is now being settled with considerable rapidii }', and everywhere 
the planting of orchards of non-ciad apples keeps pace with tlic openiDg of farms. 

New Hampshire tapers northward as Vermont tapers southward in territory, only 
more sharply; yet its northern county. Coos, possesses a large amount of excellent 
farming land, much of which is already improved. Here, too, tlie iron-clad apples 
are being extensively planted, and already the home market is heing supplied, as in 
Northern Vermont, with home-grown apples. The upper Coimecticut Valley is ad- 
mirably adapted to orcharding, and Avill in the end contribute largely to the fruit 
supply of the large towns and villages of that State. 

The Wealthy apple, originated in Minnesota by Peter M. Gideon, is not only the 
leading triumph in this line, but its ax3pearance has taught us the most hopeful line 
of future advance in growing seedlings for the cold North. It has shown the rapid 
the improvability of the Siberian and Russian class of a]3ples under crossing and with 
careful selection of seedlings. Although in the Upper ]Mississippi region of Northern 
Iowa and Minnesota the heat of autumn makes the Vv^ealthy only a late fall or early 
winter apple (as Southern New Jersey in the same way transforms New England's 
long-keeping Baldwm), it is found in Northern New England that with early gather- 
ing and proper handling it keeps and preserves its quality until the last of March 
where it is grown. But it will not do this when exposed to the contingencies of 
transportation; and for shipment, wherever grown, it cannot be classed with the 
long keepers. The only genuine long-keeping iron-clad, possessing the necessary 
productiveness, along with other quahties of a shipping apple, which I am yet ac- 
quainted with, is a native seedling of this town, scions of which I have distributed 
widely under the name of Scott's Winter. But the future leading Avinter market 
apple of the cold North must surpass Scott's Winter in size and in dessert quality, 
and I am anxiously looking to Mr. Gideon's extensive seedling orchards, produced 
under his systeui of crossing, for the desired apple. He lias already announced a 
seedling of the Wealthy almost duplicating its other qualities, Avitha lon^^ev season, 
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which he calls the Peter," and I believe he, or some otiior Northwestern experi- 
inenter, proeeediiig on the same princiT^le, will soon give ns a Northern equal (or 
simerior) of the Baldwin, This is alone needed to give the cold North the lead in 
orcharding\ f or it is a weU-ascertained f act that the long cl^^ of our Northern snm- 
mers are in the highest degree favorable to that combination of high color, delica^te 
texture, and fine aroma wluch sells an apple at sight in every market of the world. 
Already the Yvealthy is being shipped to England from Canada wdth profit, and a 
long-keeping Wealthy is all that is now required, to become the leading commercial 
apple of America. 
New^pobt^ Yt./ Jamtar?/ 14, 1887. 

ACKNOWLEDGMENTS. 

It is a- pleasure to acknowledge tlie kind and lielpfnl spirit wliicli 
lias been manifested by every one with, wliom I Iiave had to do in tlie 
work of practical investigation and in the preparation of this report. 
Among these may be mentioned Prof. T. V, Mnnson, Mr. and Mrs. 
J. R; Jolm&on and J, R. Howell, of Texas; Profs, E. Hilgard and 
George Hnsmann, of California -Prof. Yv. H. Ragan, of Indiana; Mr. 
F. W; Loudon and George P. Petf er, of Wisconsin; George W. Gamp- 
bell and Y\^. N. Irwin, of Ohio; G. F. Kennan, of Arkansas; E. H. 
Hart, John Anderson, and C. B. Magruder, of Florida; E. B. Engle, 
of Pennsylvania; S. M. Wiggins, of Louisiana; T. H. Hoskins, of 
Vermont; C. W. Garfield, T. T. Lyon, J. W. Van Deman, and W. G. 
Voorlieis, of Michigan. Many others miglit properly be added to tlie 
list of those who have done what they could to help carry on the work. 

Respectfully submitted. 

_ H.: e.; VAN" DEMAN, 

Pomologist, 

Hon. Norman J. CoLM 



REPORT OF THE OHEMIST. 



Sir: I Kave the honor to submit the following summary of the 
work done in the Division of Chemistry dnring^^^^^^ 188(>. 

DAIRY PRODUCTS. 

A carefiil study has been made of the best methods of determining 
the foreign fats which are used in the adnlteration of butter. 
The expressions fats" and ^^ oils" designate those natural products 

of animals and vegetables known as glycerides. Chemically consid- 
ered they are the normal propenyl ethers of the fatty acids, or, in 
other words, compounds of the triad alcohol, glycerine, with the fatty - 
acids. The term ^ ' f at " is applied to such bodies when they are solid / 
at ordinary temperatures, and ^ ' oil " when they are semiTSolia or liquid. . 
Those which are most important are: 

- Tri-stearin, C3H5(Ci8H3502)3, occuring in natural fats. It may be ob- 
tained in a considerable degree of purity by repeated crystallizations 
from ether. It crystallizes in plates of a pearly luster. Its melting 
point is 55° C. 

Tri-palmitin, C3H5(Gi6H3iQ2)3, is found in- animal fats and palm-oil. 
It: crystallizes with a pearly luster from ether. The crystals have a 
melting point of from^ 50° to 66° C.^ 

Tri-butyrin, C.']H5(C4H702)3, occurs chiefly in batter. At ordinary 
temperature it is liquid, and has a distinct and peculiar odor and 
'taste. 

Tri-olein, G3H5(Cj8H3302),7, occurs in animal fats and in almond and 
olive oil. At ordinary temperatures it is liquid, neutral to test pa^ 
pers, and has neither taste nor smell. ^ ^ ^ ^ ^; 

Minute quantities of tri-myristin, tri-caprin, and tri-caprylin are 
also found in butter. \ :: 

Pure butter fat is supposed to contain : 

■ . .. Percent. 

Of tri-olein, about . . . .; 42. 5 

Of tri-stearin, about . , 51 . 0 

Of tri-butyTin, about. 0. 3 

-Gf other glycerides, about. .3 

100.00 

Olive oil is composed chiefly of tri-palmitin and olein. Tri-stearin 
is the chief, constituent of mutton fat, it having only small quantities 
of olein and palmitin. Beef fat has somev^hat more palmitin and 
stearin than miitton tallow. Lard has more olein. It is thus seen 
&at in dealing with britter fats and their substitutes we have to con- 
sider chiefly tri-olein and stearin, and, in smaller quantities, tri-pal- 
mitin, butyrin, &c. It foUows, therefore, that the chief dtlferences 
in the general characters of these substances will be due to the dif- 
ferent proportions in which these glycerides are mixed and to such 
other physical differences as the various sources of the substances 
- (377) - - 
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under exaimnation woxild procluce. These differences, liowever/ hap- 
pily appear greater suDjected to tlie analysis of polarized liglit 
than the foregoing rc'siime of their chemical properties would indi- 
cate. In other vTOrds, the physical differences in the various natural 
fats are as important as the chemical. Advantage has been taken of 
these differences of physica.1 structure to discriminate hetween fats 
and oils of different origins. The sjjecific gravity and the melting 
point furnish two valuahle points of discriminatiouy but both of these 
are perhaps inferior in value to the evidence afforded by the crystal- 
line structure of the fats. The observation vvith the microscojDe of 
the crystals obtained in various ways furnishes valuable data for dis- 
crimination, and if polarized light and a selenite plate be used^ these 
data become still more valiiable. 

The first account of the use of the selenite plate in such examina- 
tion was given 1)5^ Dr. J. Campbell Brown in the Chemical Neivs, 
YoL 28, page 1. He ;gives vlie following directions for the polaro- 
microscopic work : - . . - 

Examine several portions of the original samples by means of a good microscope, 
using a. one-quarter or one-fi^^^ inch, object glass. In butter made from milk or 
cream nothing is seen excex^t the characteristic globules and the granular masses of 
curd and the cubical crystals of salt. The hard fats of butter are present in the 
globules in a state of solution, and are not recognizable in a separate form. 

;If stearic acid, stearin J or pahmtin be present in separate form, they will be recog- 
nizable by single fusiform crystals, or star-like aggregations of acicular crystals. 
They indicate the presence of melted fats. 

Other substances, sach as starch, iiour , palm-oil, corpuscles, Irish moss, coloring 
matter, &c, , may also be distinguished by the microscope, as distinct from butter 
or fats. " . - 

Examine the same portions with the same object glass, together with a polari- 
scope, consisting of two Nicol's prisms and a selenite plate. The crystals referred 
to polarize liglit, and vviien viev/ed by the polariscope are distinctly defined. Par- 
ticles of suet and otl.er f ats wiiich have not been meited may also be distinguished 
- by their action on polarized light, by their amorphous form, and by their menibranes. 

The value of this deportment of fresh butter fat v/ith elliptically 
polarized light clid not meet with the appreciation its merits deserved 
until attention was again called to it tjy Dr. Thomas Taylor, of the 
Department of Agriculture. 

Any fat or oil which is homogeneous and non-crystalline will 
present the same phenomena when viewed with polarized light and 
. selenite plate; in other words, will have no effect on the appearance 
of the field of vision. Itis only, therefore, fats which are in a crys- 
talline or semi-crystalline state that can thus be distinguished from 
fresh/ amorphous butter. Naturally it follows that a butter whiGh 
has been melted and cooled, or butter which has stood a long time, 
would impart a mottled appearance to the field of vision. For a sim- 
ple preliminary test, however, the procedure is worthy of more atten- 
tion than its discoverer, Dr. Campbell Brown, accorded to it. 

-~ -: " V " ■ ■ ■ / FORMS OR CRYSTALS. ' " 

The forms of fat crystals differ greatly with the kinds of fat aud 
the proportions in which they are mixed. It would be idle to attempt 
a description of all these modifications. 

^ Husson (Ann, d. Chem. et d. Pharm., 5y 12, 469) has j)ublished an 
illustrated description of some of the more important fat crystals. 
Suet crystals, according to Husson, are very characteristic of stearin. 
Tliey are small rounded or e formed by stiff , needle- 

like crystals, and resemble a sea-xrrcMn or hedge-^^^ 
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In lard are seen polyhedral cells, arising from the compression of 
the fatty giobiiles. In impure la t4 are also seen the remains of cells 
Etnd adipose:; tissue. Fresh butter shows^some doij-g and, delicate 
needles of jnargarine (?), united in bundles and grouped in various 
wayjS. When the butter is melted th^^^^ diminish in iGngth 

and beeome grouped roimd a central point. I have mentioned these 
descriptions- especially for the purpose of :calling attention to the fact ' 
that in the illustrations of the microBCopic appearance of butters ;and . 
other fats emphasis is often given to one particular plienoineiion and 
the real appearance as seen in the rnicroscope is not reproduced. - ■ 

The only reliable representation is found in the actual photomi- 
crograx3h or its. exact graphic reproducbiom - - 

; When the crystals of certain fats are prepared in a special way / 
they shoWj with polarized light, a distinct ^cross^ the existence of 
which is explained- by- the lavfs of elliptical polarisation already m^eur 
tioned. 

This cross" was first described by Messrs. Hehner and Angellin 1874, 
in the following words: 

If some of; a fat containing crystals be |)laced on a slide and a drop of castor oil or . 
olive oil be applied and pressed out with a tliin glass coTer^ tbe depolarization of 
light is miicii eniiaucedf a revolving black cross, not unlike that in some starch 
grains, is seen in great perfection. These crosses ai"e most clearly defined in the: 
crystals obtained from butter, and these thlis mounted form a brilliant polariscopic 
object. 

They add further: 

Thus far, and no furtlier, as it seems to us, oaii the microscope assist us in this mat- 
■ ter; but even, stich indications- are valuable, especially when siibsoqueiit analysis 
•'-proves the sample to.-be an adulterated article. The Jmcroscopic evidence. in such a.- 
case frequently serves to clinch together the whole superstructure, and thus certainty 
is made doubly sure. ■ / 

Dr. Tliomas Taylor has f arther called attention to this plienoinonon.. . 
in a paper read before the American Society of Microscopists at.dts^ 
Cleveland meetings August, I880. On page 2 of the reprint of this 
paper he says: ^ . / . / ; 

I . Since the piiblication 01 that paper I have experimented largely with bufter, and . 
have mad© the discovery that when it is boiled -and- cooled slowly, for 'a period of 

- from twelve -to-' twenty-four, hours at a temperature' of from 50° to 70° F., it not only .- 
becomes crystallised^ but. with proper mounting and the use of polarized light it ©x-- 
hibits on each crystal a vvell-defined. figu^^^ what is known as the cross 

:_of St, Andrew. In course of time, the period ranging, from a few days to a few 
weeks, according to the quality of the butter used and the temperature to which it 
is exposed, tlie crystals, which at first are globular, dogeneratej giving way to nu- 
merous rosettelike forms peculiar to butter. " - 

.On.pageS he says: 

About: ten years, ago, .while making some experiments with boiled butter, I first . 
observed it exhibited small crystals somewhat stellar .in form, but gave no further 

- attention to the fact until May last. For the purpose of determining the real form - 
of the crystal of boiled butter I procured a sample of pure dairy butter from Ohio, 

- I boiled it, and when cold es:amined it under a power of 7-5 diameters. To my -sur- . 
prise I found globular bodies. When I subjected them to polarized liglit a cross, 
consisting of arms of equal iengthj was observed on each crysiaL 

Prof; H. A. Weber, of Colnnibns, Ohio, -has made some interesting 

experiments "with the microscope on iafcs, which, in the main, bear 
jont the conclusions 01 Messrs. Brown^ Eehnor and Angell, and Tay- 
lor.: As wasdo be expected, however, he has shown that the appear- 
ance of the cross on a crystal of natnral fat does not show that it was 
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derived from piire butter. He says, in Bulletin No. 13 of the Ohio 
Experimental Btationj ExpOT 

Experiment 7. —The difference between the behavior of the tallow fats in Experi- 
ment 3 a:nd the last three experiments could only be ascribed to a ditferonce of con- 
ditions. It is well known that table butter normally contains 4 to G per cent, erf salt 
and 5 to 30 per cent, of water. These ingredients constitute the most raarked dif- 
ference between butter and the rendered animal fats, as tallow and lard. In ordei 
to test the eiiect of this mixture upon the tallow fa^ts, about half an ounce of th(? 
oleo oil used in Experiment o was mixed in a porcelain mortar with a sniali quan- 
tity of salt and eight or ten drops of wate'. After the water was thoroughly incoi-- 
porated the mass waa transferred to a test tube and boiled for one minute, as in the 
case of butter. It was then poured into a wooden pill-box and- allowed to cool as 
before. The cooled mass prersented^quite a marked difference in appearance from 
that obtaijied from the same substance in Experiment o. It retained to a great ex- 
tent the yellow color of the oleo oil, was of a more granular nature, and in fact 
resembled boiled butter in every respect. When a small particle was stirred up with 
olive oil on a glass slide it separated readily. When covered and viewed with a 
pocket lens it revealed a mass of globules resembling insect eggs. Under the micro- 
ficope these exhibited essentially the same characteristics as those obtained from but- 
ter in Experiment 1. The crystalline mass of the oleo globule seemed soniewha,t 
cawser, and to this condition was ascribed the fact that the cross, as well as the 
colors produced by the selenite plate, Vvcre less sharply defined than in the globules 
obtained from butter. The slides prepared from this material were remarkably free 
from the smaU detached crystals of fat observed in Experiment 8. 

iJa^perimeiit 8.— Having thus discovered that these globular jnasses may be . ob- . 
tained froin pure yeilov/ fat by simply obscj-ving the conditions vvliich obtain in but- 
ter making, the following test was made v Nine grams of oleo oil and one gram of 
lard were placed in a sinair beaker, and eight or ten drops of a saturated solution of 
salt in water added. The. mixture was then gently heated to melt the fats. After 
shaldng violently for a few moments to. mix the" salt, solution vdth. the fats, the 
mixture was boiled gently for one minute, and tlien allowed to cool, as before, in a 
wooden pill-boi. The microscopic exarainatiou of this T)reparation revealed globular 
masses wliich could in no ^vise Iso distinguished i'rom those obtained from pure but- 
ter; The crystalline texture was dense, the cross of St". Andrew plainly marked 
and the. colors producf^d by the selenite sharp^^^ " 

^a;p6n'?7ie)rr9. -—A mixture of one part of lai'd to five parts of oleo oil was treated 
as in the last e::x:)eriment v,dth like results. ' 

Experiment V^.-— In 20 per cent, of lard and 80 
per cent, of oleo oiHvas employed.^ Whether the consistency of this mixtm'e was 
peculiarly adapted to the formation of the globules or whether possible varia;tions 
of conditions in manipuiations were more favorable the writer is unable to judge 
from a single experiment, but the fact is that in this case the individual ."' butter 
crystals'' w'ere exceedingly lai'ge and characteriati^ 

In Bulletin jSTo. 15 of the Oliio Experimental Station, Professor 
Weber sho\¥s that the conclusions in respect of the origm of fat crystals 
and the beliavior of butter and other fats under polarised light con- 
tained in his Bulletin No/ 13 and in this paper are correct in every 
particular. 

Specific gravity.~~~TiiG specific gravity of a fat is a physical prop- 
erty of GonsidBrable importance in determining its character. For 
instance, the specific gravity of butter fat is uniformly higher than 
for any of the common fats used as adulterants therefor. Since the 
fats ;used for butter substitutes all melt at about 40° G. or under it is 
conyenient to select that temperature for the determination of specific 
gravities;. /Many investiga,tors, however, make the determination at 
100'' F. We have found that a pure butter fat has a specific gravity 
at 40° of .909 to .912., water at tlie same temperature beini>' tahen at 
1.000. 

■ On the other hand, butter substitutes show a comparative density 
of .900 to .905. . 

In these conditions it would be reasonable to suppose that a butter 
having less than .909 for specific gravity is adulterated, and the degree 
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of adnlterajtiGii would be indicated by the number expressing the rel- 
ative weight. In order that these Jiumbers give reliable results it i ^g 
necessary that the manipulation whereby they are obtained be made 
with the greatest care. ; - ; 

3feltmg point.— fat is also a phj^sical xorop- 
erty which -is of value in determining its character. Unfortunately 
the methods heretofore in use for determining the melting point have 
not been reliable. : ' 

The ditliculty has been to fix upon a point that really represents 
the passage of the fat from a solid to a liquid state. Since, however, 
in this tran^sit the fat passes through all the grades of solid, semi- 
solid, and liquid, it has been found impracticable to fix the point with 
any degree of definiteness. - ' : . 

: I have sought to overcome this difficulty by fixing on some definite 
physical phenomenon which can be observed with a considerable de- 
gree of accuracy, ■ ■ . . :/ - ^ 

Since fats pass gradually from a soft solid to a mobile liquid, it *^c- 
curred to me that the point at which the molecular attraction of the 
particles overcome the molecular adhesion might be determined. 
In order to do this, however^ it was necessary to subject the particle- 
of f at to be observed to conditions in which it would be affected by 
no other force except its own molecular stress. For this purpose the 
fat was raised to a temperature a few degrees above the melting point,. 
and in this condition dropped onto the- surface of ice or water cooled 
to a degree which would enable it to fix the thin film, of fat before it 
could recoil into a spheroid state. 

The diameter of these fat disks should be about 1.5 centimeters, and 
each of them should weigh about 20G milligram.s, 
- To free those disks from all external force I submerge them in a 
mixture of alcohol and distilled water, each recently boiled, to free it 
of all air bubbles. 

: The distilled water is first poured into a large test-tube until it is 
one-third full. The alcohol is now added, pouring it in rather care- 
fully until the tube is nearly full. After standing for an hour all 
parts of the liquid are of the same temperature, but the heavy liquid 
remains a,t the bottom of the tube. One of the disks of fat prepared 
as above is now jjlaced in the test-tube. It sinks until it comes to a 
point where the liquid of the tube is of the same specific gravity as 
itself, and there remains stationary. (The fat disks are kept on the 
cold water until they are to be used; : They- are moved by lifting them 
with a metallic spatula). ; 

The test-tube is now placed in a tall beaker of water, and the bulb 
of a delicate thermometer is brought near the disk of fat. (These 
: thermometers should indicate tenths of a degree. They were made 
especially for this work by Emil Grreiner/of New York.) /The v^ater 
in the beaker is now heated very slowly^ anid constantly stirred either 
by blowing into the beaker with a rubber bulb, or by a paddle. The 
thermometer is also gently moved from side to side in order to secure 
a perfect uniformity of temperature in the liquid in contact with the 
disk. A thermometer is also placed in the water in the beaker, the 
temperature of which is not allowed to rise more than 2^ above the 
melting point of the fat. As the temperature approaches the critical, 
point the disk is observed to rolh up into a rod, which gradually 
shortens until the mass becomes a perfect sphere. The movement of 
the thermometer imparts a rotatory motion to the globule, and thus 
enables the observer to determine themact point at which it becomes 
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a sT)ii0re. The rate of tte rise of the last degree 

sboulcl not "be greater than two or three tenths of a degree a nrimite. 

j3y this method agreeing duplicate or triplicate determinations can 
be made and the melting point of fats h determined with far greater . 
acenracy than by any method heretofore propo 

Pure butter fat is found bv this method to have a melting point of 
about 33^0 XD, ; : - _ . - - ■ . ; 

' ■ chemical- analysis. ; 

" Gf tlie chemical methods employed there are only three wliich have 
been found reliable by long experience. The first of these consists, 
in the separation and determination of the insoluble acids of the but- 
ter or fat under examination. It is generally known as the method 
of Hehner and Angelb but has undergone many modifications in the 
hands of different analysts.; - ; . 

The following is a description of this method as practiced in this 
laboratory: - - 

HEHNBK AND ANGELL'S METHOD^ MODIFIED, 

About 4 to 5 grams of fi^^ are weighed into a patent rubber 

^ stoppered bottle, hy means of a loipette and weighing bottle, and 50 
cubic centimeters of an approximately semi-normal alcoholic potash 
solution addo d . Duplicate blanfes/ i. e. , alcoholic potash without any 
fat, are also measure'd out aiid all placed in the water-bath. When 

: saponification is complete they are taken off , cooled down, and the con- 
tents run into large Erleu viioyer flnsks of 300 to 400 cubic centimeters 
capacity, the liquid adhering to the bottle being rinsed into the flask 
with small successive portions of boiling water. The flasks are xdaced 

- on the steam-bath and the alcohol evaporated. Then the amount of 
semi-normai acid" required to set free the fatty acids is ascertamed by 
titrating the blanks. Afterwards about 1 cubic centimeter more 
than this amount of acid is run into the flask containing the sample, 
: which is fitted With a cork furnished w^ith a glass tube about 1 meter 
long.. It is then heated on the bath until the fatty acids form a clear 
stratum on the. surf ace of the liquid, when it is removed, cooled with 
ice water as rapidlv as is consistent" with the safety of the flask, the 
tube rinsed out, and the contents carefully poured off from the cake 
of solidified acid through a dry filter info a liter flask.. After bemg 
rinsed with a little cold water, about 20 cubic centimeters of boilmg 

^water is poured in on the cake, the cork and tube replaced, the con- 
tents thoroughly agii5ated with a circular movement, so as not to get 
any of the contents on the cork, and the flask again placed on the 
hath. When heated to the full temperature of the bath it is taken 
off again, shaken well, and cooled and filtered as before. This wash- 

■ ing is repeated three times, rising in all about 600 to 700 cubic centi- 
meters of water, when th^^ made up to lliter, an aliquot, 
part taken and titrated with deci-normal soda. The excess of semi- 

■ normal acid used in separating the fatty acids : is deducted,^ and fhe 
remainder calculated as butyric acid. . : - . 

The flask containing the insoluble acids is carefully inverted on a 
'stand, and allowed to dry for twenty-four hours in the air, together 
with the filter paper, the funnel-shaped neck of the Erlenmeyer flask 
preventing the cake of acid from dropping out. The paper and flask 
being quitfe dry, so that the acid does not stick to them, the cake in 
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tlie flask is BroM^ up with a glass rod and allowed to drop into a 
weiglied dish, together with whateyer is readily detached from the 
filter paper. The funnel with the filter paper is then placed in the 
flask, a hole made in the point of the paper, and the remaining par- 
ticles washed into the flask with absolute alcohol delivered from a 
small wash bottle. After dissolving up all the particles left in the 
flask by the same solvent, it is poured into the dish containing the rest 
of the insoluble acid, and the flask rinsed out with another small por- 
tion of absolute alcohol. This dissolves the fatty acids nearly as 
rapidly as ether, and is not so volatile, besides serving the purpose 
of aiding in driving off the Water from the acids, when drying. The 
dish is now placed in a steam-jacketed ah^ bath and kept at a temper- 
ature of 100° 0.^ for about 2 hours after the alcohol has been all 
driven off. After cooling and weighing, it is again dried for two 
hours longer. If not over 10 to 15 milligrams have been lost it is 
not dried further; otherwise it is dried for another hour. The dish 
is then weighed, the original weight of the dish subtracted, and the 
percentage of insoluble acid determined by dividing its weight by the 
weight of the fat taken.- The percentage of insoluble acid in a pure 
butter is about 88. In some rare samples it may reach 89, but in such 
a case there are grave grounds for suspicion. Lards, tallows, &c., 
on the contrary, have from 9^ to 94 of insoluble acid. 
■ The second chemical method in use is known as 

" koettstorfer's process. 



About 2. 5 grams bu^tter fat (filtered and free from water) are weighed - 
■into a patent rubber-stoppered bottle, and 25 cubic centimeters approx- 
imately semi-normal alcoholic potash added. ^ The exact amount taken 
is determined by weighing a smaU pipette with the beaker of ffit, run- 
ning the fat into the bottle from the pipette, and weighing beaker and 
. pipette again. The alcoholic potash is measured always in the same 
pipette and unif ormity f urther insured by always allowing it to drain 
the same length of time (30 seconds). -The bottle is then placed in the 
steam bath, together with a blank, containing no fat. After saponi- 
fication is complete and the bottles cooled down, the contents aro 
titrated with accurately semi-normal hydrochloric acid, using phenol- 
phthalein as an indicator. The number of cubic centimeters of the 
acid used for the sample, deducted from the number required for the 
blank, gives the number of cubic centimeters which combines with the 
fat, and the saturation equivalent is calculated by the folio wing form- 
ula, in which W equals the weight of fat taken in milligrams, and 
N the numberof cubic centimeters which hasGombined with the fat: 

Sat. Eqiirv-, ==-^ 

For pure butters the mean value of K is about 17 when 2. 5 grams of 
butter fat are taken, and the satiH^ation equivalent may vary from 
230 to 255.: On the other hand, for lards, tallows, and other f ats com- 
monly used :f or adulterants the- e rises to 270 to 290/ These 

numbers, therefore, give a fair idea of the purity of a butter, or, if 
an adulteration has been practiced, of its extent, : 

The third chemical process used has for its object the determina- 
tion of the volatile acids present in a fat. Although not an absolute 
method, yet it has met with great favor among analysts. _ 
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REIGHERT'S METHOD^ AS EMPLOYED THE DIVISION LABORATORY. 

Afeotit 2/5 grams of fitt into a rnlDber-stoppered 

bottle, as in tlie preyioiis metliods, 25 cnMc centimeters approsi- 
mately seminomal alcoliolic potash, added, and the bottle lieated on the 
water bath nntil the fat is saponined. It is then rinsed with boiling 
water into an evaporating dish and the alcohoh evaporated. The resid- 
iial inixkire of soap and a is dissoved in 25 cubic centimeters 
water^ which is pjonred into a flask of aboiit 200 cubic centimeters ca- 
pacity:, and the dish is rinsed out with another portion of 25 cubic cen- 
timeters water^ and this also added to the contents of the flask^ 20 
cnbic centimeters of a 10 per cent, solution of phosi>horic acid (specific 
gravity 1.07) are added to separate the acid, the fiask fitted to a con- 

- denser, and the volatile acids distilled off. Y7hen 50 cnbic centime- 
ters have distilled over, the process is stopped and the distillate 
titrated with deci-normai sodav 

To prevent the liquid from carrying over non- volatile acid mechan- 
ically, the tube which connects it with the condenser rims up straight 
about 12 to 16 Gentimeters above the flask bef ore it bends, and is also 
■ enlarged into a bulb, wliich is filled with broken glass or glass wool. 
A coil of platinum wire is placed in the flask to prevent bumping, 
and the distillation is carried on at a sufficiently low temperature to 
avoid violent ebullition. The total quantity of soluble acid in a pure 
biitter amounts to about 5 per cent. It ma}^ rise to 6 or sink to 4 jDer 
: cent, in some cases. 

Ill conclusion, I will say that vf itli tlie aid of all tlio methods men- 
tioned on the preceding pages the chemist is reasonably certain of 
being- able, to distinguish a x^ur e from an adulterated butter. 
- It appears further that the niicroscope with polarized light affords 
one of the best means of qualitatively examining a butter for impu- 

- rities when the samples arc fresh, while the estimation of the extent 
to which an adulteration has been carried is best discovered by de- 
termining the specific gravity and melting point of the fat, and by 
subjecting it to the cliemicar processes just described. 

SIMPLE QUALITATIVE TEST FOR ARTIFICIAL BUTTER. 

_ The quantity of stearin in cow butter is small compared with that 
in lard, tallow, &c. On this difference of constitution Professor 
Seheffer (Pharm. Eundsch., 1886, 4, 248) has based a method of analy- 
sis. A mixture is made containing forty volumes of rectified amyl 
alcohol and sixty volumes of ether of , ?25 specific gravity at 15° C. One 
gram of butter fat is dissolved by 3 cubic centimeters of this mixture 
: - at 26° to 28° 0. On the other hand, 1 gram of lard reo^uired 16 cubic 

- centimeters of the solvent, 1 gram of tallovf 50 cubic centimeters, 
and 1 gram of steai^n 350 cubic centimeters. 

For the experiment take a test tube of 12 cubic centimeters capacity 
and place ill it 1 gram fat, add 3 cubic centimeters of the fusel-oil 
ether mixture. After tightly corking the tube put it in a water bath 
at 18° G. and with frequent slmking bring the temperature to 28° C. 
If the butter is pure the solution becomes j>erf eetly clear at this tem- 
perature. If not clear, more of the solution can be run in out of a 
burette, and the additional quantity required will be some indication 
of the quantity or quality of the adulterant which has been used. 
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Accoi€irig to Sclieffer^^ "biitter and lard gave tlie 

following data;: 







Quantity 


Butter. 


Lard, 


of mixture 






reguired. 


Gram. 


Gram. 


C. centim. 


1.0 




3.0 


.9 


A 


3.9 


.8 




4.8 


.7 




5.7 


.6 


\\ 


6.5 


.1 


.9 


14.4 



A trial of tMs method has shown that it is callable of giving yalna- 
\ ble qualitative indications in respect of the pnrity of the sanix)le iind(3r _ 
; examination. 

The best method to secure a sensibly uniform weight of fats is to 
melt them and measure out from a pipette one cubic centimeter of 
. each. ■ The fats which do n^ melt easily should be stirred up tlior- 
oughly with a wire, while the temperature is raised from 18 to 28° C, 

ANALYSES OF BUTTERS A^STD BUTTER SUBSTITUTES. 

In the following tables are foimd the analyses of — 

(1) Butters which are shown by the analyses to be genuine. : 

(2) Butters which are doubtful on account of low specific gravity 
and a low amount of soluble acid. 

: (3) Gleomargarines, butterines. oils, and lards. 
: The following methods of analyses, not already described^ wore 
employed: ; 

SPECIFIC GRAVITY. 

Preparation of the sample, : _ 

About half a pound of the butter is melted in a dry beaker in the 
water bath, stirred occasionally, and when the whole has melted and 
the water and curd have settled to the bottom the clear fat is poured 
on a libbed filter in a jacketed funnel. If the filtrate is not perfectly 
clear and bright it must be refiltered after being reheated. A tem- 
. perature of 45° to 50° C. will be found most suitable to effect the melt- 
ing; a higher temperature should be avoided, as otherwise the density 
- may be largely increased. For this reason the fat is kept in a melted 
condition as short a tiihe as possible. 

The filtered fat is melted on the water bath at 45° 0. and poured into 
an ordinary 25-cubic-centimeter specific-gravity bottle. The bottle, 
with its contents, is then |)laced in a shallow glass dish full of warm 
water and kept at the temp erature of 40 ° C . for ten minutes . The water 
in the dish should be nearly on a level with the top of the bottle. The 
bottle is kept full by the addition of more fat if necessary. At the end 
of the specified time the stopjDer is inserted, the excess of fat wiped off 
and the bottle withdrawn from the bath, wiped thoroughly, and al- 
lowed to cool before weighing. The increase in weight is equal to the 
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weiglit of tlie fat, and tMs divided by the weight of an equal volume 
of water at tlie same temperatnre w 

If a speeiiiG-gTPivity bottle witli a tliermometer sto|)pei% is used, the 
teniperat are is' obtained more readily, as the bottle is withdrawn from 
; the bath as soon as the desired temperature is observed. 



DETERMIKATION OF THE SALT. 

Weigh out 5 grams of the bntter in a tared beaker, melt and pour 
into a bnlb-separating funnel, and wash out beaker thoroughly with 
boiling water. Shake funnel and contents and allow to stand and 
settle. Bun off the water and repeat treatment with about 50 cubic 
centimeters boiling water. From 4 to 5 washings will remove all 
traces of the salt. The solution is then titrated with a standard solu- 
; tioai of silver nitrate, using a few drops of a saturated solution of po- 
tassium chromate as an indicator. .From the number of cubic centi- 
meters of silver solution used it is easy to calculate the amount, of salt 
contained in the butter. _ _ 



"1750 
-1751 
; 1753 
1754 
1755 
1756 
1787 



Analyses ofbutter siibsUhttes. 



Articles. 



Lard . 

Beef suBt 

Oleomargarine . . . . . . 

Keutral lard 

Creamery butterine* 

Oleo fat+.. 

Country print/. ... ... 



■ 5o 



. 90538 
. 90158 
.90490 
. 903G9 
.905G9 
. 90387 
.80501 



F.ct 
0,08 
0.25 
9 . 34 
7. 42 
11.69 
14. S3 
14.45 



Per ct. 
92,59 

93.59 
93.59 
QO.OO 
92.90 
93,35 
93.72 



P.ct 
0.41 

0. 22 
,0. 13 
0.20 
1.16 
0. 10_ 
0.09 



1^ 



p.ct. 

-0.08- 
-0. 04 
0.25 
0. 10 
1.53 
0.08 



P.ct, 
0.00' 
0.00 
3.64 
0.40 
2.39 
0. 97 
2, 43 



P. ct. 
0. 00 
0. 00 
3.66 
0.00 
2. 71 
1.07 
2. 35 



P. ct. 

. 0875 



3500 



30G3 
8750 



P.ct 
trace 
.00 
.03 
.02 
.74 
. (iO 
1.83 



294.30 
296.90 
27'4.0D 
270. 50 
274. 80 
28G. 20 
2S1.10 



o o 



.20 
.10 

■ ".-70 
.30 

4.30 
.20 

1.90 



*40 per cent, butter fat, 15 per cent, oleo fat, 1 
t Average, 40 pounds per fat steer. 



) per cent, neutral lard. 



Analyses of doubtful butters,^ 



Serial numb^. 



1748.... 
1757 .... 

1767 . . . . 
1774.... 
1779 .... 
1780..,. 
: 1793...-. 
1794....: 



.90964 
.90987 
.90974 
. 90973 
.90947 



.90965 



I 



Per ct. 
7.45 
11. 30 
12.12 
10. 90 
29.84 
11.59 
10.06 
8.50 
9.06 



Per ct. 
89:45 
89.44 
87.60 
88,68 
87.82 
88,01 
88.43 
88,00 
88.50 



P.ct. 
3.61 

3.54 
4.71 
4.73 
-4, 84 
3.16 
3.02 
3.34 
3.44 



P.ct. 

4. 60 
4. 25 
4.54 
4.45 
4.2? 



Per ct. 
2. 64 
5,28 
0.00 
2.16 
0.00 
5.00 
5.40 
13; 00 
2.84, 



Perct. 
2.69 
5. 34 
0. 13 
2. 29 
0.12 
5.00 
6.06 
13.08 
3.43 



Per ct. 
.7443 
,5688 
. 4375 
.4813 
, 9625 
.8750 
.8750 



. 4375 



P.ct. 
1.41 
1.63 
.93 
1.33 
1.86 
1.56 
1.58 
1.12 



252. 80 
253. 60 
251.50 
249, 70 
360, 10 
.250.60- 
250.70 
253. 50 
252.00 



O Q 



13.10 
12.10 
12. 90^ 
12. 60 
12. 10 
12. 50 
11.60 
12.30 
11,70 



* These samples ;nrere bought for pure butter. 



: KEPOBT 0¥ ^ TlIE ^CHEMIST. 
Analyses of btiiter,, 



287 



Serial number. 



m2 . 

1743 . 

rm . 

17 qQ . 
1747 .-. 
1749 . 

rm . 

1759 . 

1760 . 

1761 . 

1702 . 

1703 . 
17(54 . 
1765 . 

rm. 

1768 . 

1769 . 

1770 . 
. 1771 . 

1773 . 

1773 . 

1775 . 
; 1776 . 
■ -1777 . 

1781 . 
. 1782 . 

1783 . 

1785 . 

1789. 

1790 . 

1792. 

1795 . 

1798. 



,91046 
,91119 
, 91033- 
,91007 
, 91029 
. 91244 
. 91165 
.91004 
. 91013 
, 91063 
.91067 
. 910S9 
. 91073 
. 91155 
. 90958 
. 91043 
.90995 
. 91183 



.91079 

,91093 
.910G4 
. 91034 
. 91239 
.91031 
.91010 
.91113 
. 91082 
.91186 
. 91061 
. 91080 
, 91106 
. 91136 
. 91066 



Pr. ct. 
13.33 
8.53 
S.57 
8,14 
16. 83 
4.59 
11.40 
17. 38 
13. 95 

OO iO 

Si! 46 
21.0,2 
11.89 
21. 96 
31. 55 
11. 17 
7. 68 
9.68 
7.36 
12.38 
8.89 
18.75 
9.87 
10.84 
- 13.28 
7.36 
13.30 
6. 93 
8. S9 
8,44 
4.44 
13. 67 
8.33 



Pr. ct. 
88, 64 
87. 85 
88. 65 
88. 08 
88.91 
80.60 
87. 50 
88. 07 
87. 47 
87.84 
87 47 
S7. 38 
87. 71 
86. 65 
88.09 

'87." 24' 
87.30 
68. 14 
87.60 
87.21 
86. 68 
87. 58 
86. 61 
88.48 



87. 33 

87. 59 
87. 10 
87.73 
87.85 
m. 25 
87.75 



Pet. 
4.01 
4. 14 
3, 52 
3, 68 
3.00 
5.02 
5. 49 
3. 70 
4, 73 
4.98 
5.27 
5. 15 
4. 69 
5.34 
4.45 
6.31 
5.08 
5.94 
5.05 
5.37 
5.47 
4.75 
5. 17. 
5.43 
4.66 
3.97 
4.24 
3.93 
4. 48 
3.91 
4.41 
3.47 
4. 18 



P. ct 
4.50 
4. 57 
4.78^ 
5.48 
4. 56 
5.5i 
4.61 
4. 54 
4. 80- 
4.70 
4. 99 
4. 93 
4. 08 
4.74 
5.02- 
4.52 
5. SI 
5.05 
4.47 
4.93 
5.26 
4.03 
4.56 
4.45 
3.92 



P. ct. 
2. 84 
3,69 
2. 81 
3,04 
3.79 
3.41 
1.48 
0. 00 
0.00 
0,00 
0. 00 
0. 00 
2. 61 
0. 00 
0. 57 
2.56 
5.63 
4. 09 
5. 2S 
3.69 
-3.18 
0.00 
4. 83 
3,13 
5.79 
6.43 
6.53 
3.93 
5. 11 
3.15 
1.81 
7.10 
4.37 
1.76 



Pet. 



3.43 
2.97 
2. 03 
0.97 
2. 97 
1.55 
0.06 
0. 07 
0.03 
0. 05 
0.00 
2.84 
0.11 
0.13 
2. 45 
5,61 
4.41 
5.16 
4.37 
3.49 
0. 13 
5.51 
2.48 
6.20 
6. 53 
6, 76 
8.99 
4.71 
4.73 
2.34 
7, 56 
4.79 



P. ct. 
.7875 
.8312 
. 8750. 
.5688 
.7438 
. 5250 
. 8912 
.4375 
.4375 
50 
. 1750 
.2188 
3625 
4375 
. 6135 
.4375 
2625 
.5330 
4375 
4813 
80G3 
7000 
.4375 
4375 
7438 
4375 
5250 
. 5350 
4375 
. 7000 
7000 
4375 
.5125 



8-g- 



P. ct 
1.46 
1.31 
1. SO 
1.25 
1.56 
0.83 
1.14 
0.68 
0. 81 
0.49 
0.59 
1.01 
1. 30 
1.31 
1.83 
1.11 
0.71 
1. 37 
0.91 
1.08 
1.03 
1.41 
1.12 
0. 97 
1.43 
1.43 
2.03 
1.83 
1.16 
1.42 
1.03 
3.10 
1.34 



254.20 
250.60 
208. 50 
364. 90 
S>52.70 
344.30 
250.10 
238. 60 
349.70 
348.70 
343.00 
348,80 
2i4. 90 
244. 00 
352,00 
247. 00 
247. 00 
344.10 
253. 10 
340.40 
345.10 
260. 70 
251.80 
250. 90 
236. 50 
347. 10 
345.40 
MS. 40 
247. 50 
340. 60 
351. 50 
340. 20 
340.70 



O- o. 



13. 50 

13. 10 

13. 50 

15. 30 

13. 90 

15.60 

13,10.. 

13.80 

13,60 

13.40 

14.10 

14.00 

14.10. 

13.30 

14,30. 

13. 80 " 

14.80. 

14.30- 

12. 70 

14.00 

14.90 

11.40 - 

12. 90 

12.70 

11.10 

13.20 

13.60 

12. 50 

14. 50 

12. 60 

13.90. 

13.30 

14.50 

12.93 



ESTIMATION O^' FAT IN MILK, 

The percentage of fat in milk is one of tlie best Indications of tlie 
presence or absence of added water. Various methods of speedily 
and accurately estimating the ]DerGenta.ge of fat have "been ]3roposed. 
One of the most snccessful of these is known as Soxhlet's areometric 
method. The principleof this method is based on the fact that if the 
milk first be rendered, slightly alkaline and then shaken wnth ether 
the fat passes into solution, and when the mixture is allowed to rest 
for sometime the etherial solution of the fat will collect at the top. 
The specific gravity of this solution will vary according to the con- 
tent of fat which it contains/and by the determination of this specific 
gravity the percentage of fat is determined. 

The great objection to the use of this method is found in the diffi- 
culty with which the ethereal fa;t solution separates. Various theo- 
ries have been proposed to account for this peculiarity of milk in 
refusing to allow the ether solution to se]3ara,te, Caldwell and Parr 
have supposed it to be due to the bran in the cow's food; Liebermann 
ascribes it to f ailure of manipulation; SchniCBger, that it is caused by 
the milk standing on ice; Soxhlet thinks it is the result of deficiency of 
fat; and others attribute it to differences in age and breed of the cows. 

Therefore the method, in order to be of general application, must 
be subjected to some radical modification. In this direction were the 
attempts tosecure a more prompt separation by varying the amounts; 
of caustic potash solution anaployed. These attempts, as the record 
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has sliown/ were entirely niisnccessful. Even if tlie different kinds 
of milk would permit a prompt separation by varying the cpian titles 
of alkali employed, the amount for each sample could only be deter- 
mined by nunieroiis and tedious experiments. 

I therefore ■turned my attention in another direction. It seemed to 
me that a centrifugal mLacMiie might be used to secure this separa- 
tion, and accordingly I had a cast-away drug-mill^ formerly used in 
the lab oratory J modified so as to serve for this purpose. The machine 
was so arranged as to hold four separatory flasks and impart to them 
a high speed of rotation. 

At this point of my investigations this ai:)paratus was finished^ and 
I immediately subjected it to a trial. 

Four sanaples^ which had not separated at all at the end of 3 hours, 
were placed in the apparatus and whirled for 10 minutes. At the end 
of this time 3 of them had completely separated and the fourth 
nearly so. The apparatus was set in motion again for 5 minutes, at 
the end of which time the separation of the fourth sample was ac- 
complished. . ^ 

The number of revolutions per minute of the machine was about 
■"250. 

- It will be seen from the above that the very first trial of the ma- 
chine was Gompletel^^ successful, securing a perfect separation of the 
other-fat solution in a few moments in samples which previous trial 
Toy the usual method had failed to separate in several hours. 

The next determinations were made on a sample of milk purchased 
at the Department restaurant. _ 

Duplicate flasks were treated in the usual way to secure the separa- 
tion, and only at the end of 2^- hours was enough, clear solution ob- 
tained to get a reading: No. 1 gave 2.40 per cent, fat; Mo. 2 gave 2.30 
per cent. fat. : 

The first set of samples of the same milk separated by the centrif- 
ugal gave the percentages below: No. 1 gave 2.52 per cent; No. 2 
gave 2.32 per cent. fat. 

The separation took place perfectly in 10 minutes with a rate of 
revolution of about 300 per minute. 

The second set of 4 samples was treated in the same way and 
separated completely in 8 minutes. The following readings were ob- 
. tained: No. 1 gave 2.36 per cent, fat; No. 2 gave 2.34 per cent, fat; 
No. 3 gave 2.31 per cent, fat; No. 4 gave 2.30 per cent. fat. 

The third set of samples separated by the centrifugal showed the 
following percentages : No. 1 gave 2.23 per cent, fat ; No. 2 gave 2.30 
per cent. fat. 

The volume of the clear ether-fat solution in each case was about 
40 cubic centimeters. - 

The ne>st trial was with milk also purchased in the Department 
restanrant, : It proved to be one of the rare cases in which a reason- 
ably prompt separation was secured by the old method. After 30 
minutes about 25 cubic centimeters of the ether solution had sepa- 
rated, which was enough to get a reading. Duplicate determinations 
were made: No* 1 gave 2.08 per cent, fat; No, 2 gave 2.04 per cent, 
fat.- ; \ ; . _ ' ; 

Four separations of the same milk were also made with the cen- 
trifugal. Separation took place promptly?" in 8 minutes at a speed 
of about 300 revolutions per minute, and the volume of ether fat in 
each case was about 40 cubic centimeters : No. 1 gave 2.01 per cent, 
fat; No, 2 gave 2.01 per cent, fat; No. 3. gave 2.00 per cent, fat; No. 
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Ho. 4 gave 3.04 per cent, fat | whicli is an agreement as close as any 
one could expect. 

Haying tlius sliown tliat the centrifngal method was capable of 
making the areometrio method applicaHe to almost every sample of 
milk, I undertook a new series of experiments. In all 155 samples 
were subjected to treatment. : ^ 

Of the 155 samples esamined only 57 gave a good separation by 
the Soxhlet method in 30 minutes. Of the remxaining 98 about half 
did not separate at all so as to permit a reading, and the other half 
only after several hoiirs. Compare this with the centrifugal inethodj 
in which only 6 samples out of the wholo lot required over 15 inin- 
utes for separation and only 1 was abandoned as entirely inseparable, 
and the more general application of the process is at once apparent. 

Of the (1 samples mentioned above 3 were from the same cow, a 
grade short-horn, 4 years old, weight about 800 pounds, in milk since - 
July, 1885. She gave 6 quarts of milk a day; was milked at 5 a. m. 
and 5 p. m. The samples of milk sent v^ere taken at 5 p. m. on April 
13, 17, 23, 1886, respectively. The food received by this cow was the 
same as for all the others (36) from which samples were taken for analy- 
sis. : ^ They received at 5 a. m. 3 pounds of wheat bran and the same of ■ 
hominy chops, and then as much corn (maize) fodder as they could 
eat. The bran and chops were fed dry. In pleasant weather the 
cows were out until 3 p. m. They were then fed 10 pounds each of 
unthrashed /oats. At 5 p. m. they got a; half peck of chopped tur- 
nips and a repetition of the morning's feed of bran and chops. 

The hominy chops used showed on analysis the following compo- 
sition: 

Per cent. 

Water .>.................,...<... , 7. 13 

Ash . . 2! 5a 

Ether extract or fat .0 , 9. 03 

Carbohydrates ,111 , 69.' 82 

Crude fiber , ] " * ] [ [ [.'- 2, 86 

Albuminoids. 9! 63 

Two of the other samples wer^ received April 27and 30 from a thor- 
oughbred Jersey, 4 years oldy weight about 600 pounds, in milk since 
July 1, I880, giving at the time about 5 quarts daily. On the 29th 
of April Tsamples of milk were also treated from the same eow^ but 
after dilution the centrifugal separation, although more than usually 
difficult; did not require so long a time as on the occasion mentioned. 

There is nothing shown by the analysis, by the breed of coWjUorby 
the food which gives any definite idea of the cause of the peculiarity 
im these milks which does not permit a speedy separation. It cer- 
tainly is not the quantity of fat present, for other milks having the 
same, more or less, amounts of fat separated without difficulty. 

In all, 90 samples were compared by the usual method of separa-- 
tion and by the centrifugal. By the former method the mean per- 
centage of fat obtained was 4. 01, and by the latter 3. 88. It thu& ap- 
pears that the numbers obtained by the centrifugal method must bd 
increased by .13 in order to correspond to those of the old method. 
This discrepancy is readily explained when it is remembered that by 
the centrif agal motion the percentage of ether left in the emulsion 
would naturally be less than with the former process of separation. 
The ether-fat solution thus becomes more dilute, and consequently 
has a lower specific gravity. When, therefore, the percentage of fat 
in a milk determined areometrically is calculated by the tables giyen 

19 AG— '86 ; 
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for tlio old metliod of separation, it should be increased by .13 in or- 
der to represent the actnal quantity present. 

I think it safe to conclndeV from &6 data which haye been obtained, 
jEirsty tliat tlie method of Boxhlet cannot be applied to the determina- 
tion of fat in American milks, especially if^ they be from individual 
animals. It w>rks somewhat better on mixed milks from a large 
dairy, bnt eveii in this case it is a rare thing to secure a> jyrompt sep- 
ara^tion, and in most cases the method would bo very dimcult of ax3- 
; plication.. : 

Seeohd/ That by the ^u^^^ of the centrifugal machine described a 
prompt separation of the ether-fat solution can be obtained in all 
cases, even in tliose in which after 48 hours no separation whatever 
■takes place by the usual method. _ . 

Third, That the estimation of the fat in milk b Soxhlet's areom.eter 
can only be aecurately secured when standard volumes of aqueous 
ether and caustic potash are employed^ when the volume of the ether- 
fat solution separated is sensibly constant j and the time employed in 
separation sensibly the same. These coriditiong can only be secured 
by the rise of the centrifugal machine described* 



separsttion of the ether-fat solution in the lactobutyrometer; and it 
has already proved its usefulness in sei3arating precipitates which sub- 
side very slowly. 

I am of the opinion that such a machine would prove of great value 
in: every chemical laboratory aside from its utility in determining the 
fats in milk. 

The process just mentioned was first used in May, 18853 at the De- 
■^tmenfr^^o full description of it was given at 

Bii4alo in Augustj 1886/ before the chemical section of the Associa- 
tion for the Advancement of Science. 

A machine resembling this has lately been patented in Germany by 
Laval under the name ot Lactokrit The disk of this machine is so 
arranged as to be capable of a high rate of revolution, viz, 6,000 per 
minute. 

" The milk in which the fat is to be estimated is first treated with an 
equal volume of a mixture of 20 parts concentrated citric acid and 1 
part of sulphurous acid. After shaking, the test-tube containing the 
milk mixture is warmed to 30° C, or above, and the tubes which fit 
into the revolving disk are filled with the mixture and put in posi- 
tiom The te tubes is kept at 60° C. by m.eans of a 

bath of hot water. 

In 5 minutes the fat is separated, and the j)ercentage thereof read 
off by the graduations on the tubes containing it. (Chem. Central' 
&Mi^ Ko. 43, October, lSBG,:p^^ 

ADAMS METHDD FOK 'TllE GliAVlMETRIC ESTIMATION OF FAT IK MILK. 

This-method was first deseilbed in T/ie Volume 10, pp. 46 

and following. Five cubic centimeterg of the milk are placed on a 
strip of blotting or filtering paper, ijreviously exhausted with ether, 
and raj)idly dried. The paper mBjy be cut into strips 2 inches wide 
and 30 inches long. After the drying is complete the strip of paper 
is rolled into a coil and extracted in a Soxhlet apparatus w4th ether. 
This method has been proved by careful experiment to be very exact, 
and gives a slightly higher percentage of fat than any other gravi- 
, metric method heretofore ptoposed. 



I propose to use a centrifugal 




'atus also for assisting in the 
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; ADUMERATIOK OF SPICE&^^^^^ CONDIMENTS. 

By OLOTbEt) RiOHAIM 

Tlie class of sulsstanGes, inoliiding miigtard^ pepperv cayenne and 
cMllis^ ginger, cloyes, imtmeg and mace, cinnamon and cassia, and 
allspice, wMcli are commonly designated as spices and condiments in 
the discnssion of foods and dietaries, are probably more largely sub- 
ject to adulteration and with less attempt at concealment than any of 
the foods proper. Fortunately the sophistication is simply the addi- 
tion of material of a harmless nature for the purpose of diluting the 
more ejcpensive spices and making it possible to reduce the. price iii 
aobordance with the demahds of the dealer and eventually the con.* 
■gtiiri^r.;-"^ ^ 

These substances were originally luxiiries and not regarded as an 
essential part of the diet of even the richer classes; now the poprest 
mto is not satisfied without them, and pepper, is as well known and 
as much emi)lbyed as salt, : All this has had much to do with the in- 
troduction of adultemtion as a ineans of catering to the demands of 
the lower classes for cheap spices; and increasing step by Btep its 
:e5:tent until the adulteration so gross in many cases as 

to expose itself or bring about the enactment of laws for the repres- : 
sion of the sale of such substances. At the present time in several of 
our largest cities the price to be paid for a spice is named by the re- 
tail dealers; and he is then supplied f ram the spice-mill with a mixture 
containing the largest amount of pure material which can be sup 
for the money, the necessary weight being made up of diluents of 
some cheap bu.t harmless substance. As an example, the fact that .a 
New York firm in a short time used and put into the market in their 
. :s|>ioe^ more than 5j000 pounds of cocoanut shells shows how far the 
oustom. has been carried^ and it is easy to see how dif8.cul.t it would 
be to bring this state of things to an end without some governmental - 
action, it being improbable that by any means of agreement among 
themselves the grinders of spices could unite in doing away with the 
practice, or that any education of the masses would teach them to 
refuse to purchase a ground spice at a price which is far below that 
of the ungrormd article. 

This alone, the relation between the prices of grotind and unground 
spices, is often sufficient to point out the fact that a ground spice 
must be largely diluted, and on the other hand, when purchasing 
from a reliable dealer J a slight, increase -in cost over that of the spice 
in its original form is evidence of the piirity of the powder. Those 
iivho desire pure ground spices caii_ always obtain them by paying 
their va,luej they are by no meani^ uncommon in the market, but as 
long as there are those who do not know that it is for their interest 
to buy the best rather thaii a cheap article for its low price, such 
people must suffer or be protected by legal enactments, which shall 
prevent and prohibit the existence of such mixtures. Until this is 
done the supply of a demand which certainly exists may be considered 
to be at the least justifiable on the part of the spice millers, and ed- 
ucation of those ignoraiit of the state of the trade must be the pre- 
liminary to legislation upon the subject. When proper legislation has 
found a place on the statute-books the manufacturers will find theM- 
selves in a position where, without detriment to themselves^ they C£ai 
all Unite in giving u^ the practice. ^ 
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Under the laws for the preveation of the adulteration of foods, 
which hare "been in operation in Q-erraany, England, France^ Canada, 
and a few of onr states during a longer or shorter period of time, a 
large share of attention has been given to the adulteration of spices 
and condiments and the means of detecting them. Fortunately the 
latter are not difficult, and the results have been an awakening of the 
commnnities in these countries to an appreciation of the advantages 
of pure spices and the placing of the method of detection on a more 
certain basis. " y - - 

EXPEBIEKCE IN COUNTKIES HAVING PUBLIC ANALYSTS. 

In England the public mind had been so far educated by the pub- 
lications of private investigators, such as Hassall, that in 1860 laws 
were Bpssed for the prevention of the adulteration of food and drink. 
Thesenave been repealed and modified, so that the present law dates 
from 1873 and amenaments of 1879. 

Unfortunately there is no government report upon the results of 
the scientific work done by those employed under the act^ and we are 
indebted to the Society of Public Analysts for a large portion of the 
information which is at our disposal in regard to adulteration in Eng- 
land. We have also in the publications of Hassall, Blyth, and Allen 
volumes which give the most recent scientific data as to the best 
method for the detection of adulteration and illustrations of the 
forms in which foreign matter occurs. On Dr. Hassall's work is 
founded many of our present methods of examining foods micro- 
scopically, and especially spices and condiments. In The Analyst ^ the 
publication of the. Society of Public Analysts, will be found, in the 
- proceedings of the society, in papers of individuals, and in reports of 
prosecutions, much information in regard to the status of adultera- 
tion in England during the last eleven years^ including the material 
used for adulterajtion of spices- and the means of detecting it. The 
lack of an official publication of the, results and all that has been 
done, both in regard to particular samples and methods emx^loyed f or 
their examination, is, however, much to be regretted. There is the 
same difficulty in Germany . The law of tlie Empire of 1881 provides 
for the prevention of the adulteration of the substances which we 
have under consideration, but no reports on the execution of the law 
or of the results, scientific or otherwise, have been available to us. 
Much, ho vf ever, has been published in the technical and scientific 
journals on the method of detecting adulterants v/hich is of the 
greatest value. 

In Erance the laboratory of the prefecture of police of Paris, which 
has control of the investigation of the food supplies of that city, 
makes an elaborate report annually, of which, however, but a small 
portion is devoted to spices, although they are recognized as being 
largely adulterated; pepper, for example, being mixed to an aston- 
ishing extent with ground olive-stones. Other cities of France have 
mnnicipal laboratories, whose reports, if any there are, have not 
reached us, ^ 

In this country Canada makes a much better statement of the re- 
sults which have followed the enforcement of tlie adulteration of food 
act of 1876 than is done an^^v'here else. The commissioner of inland 
revenue has published anniially a sta,tement showing the entire num- 
ber of samples analyzed, the persons supplying them, and their com- 
position and adulterants. Spices occupy a^prominent position in the 
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reports, and a collation of the results of the investigations of the 
several public analysists is of interest. In 1878, when the reports 
first became available to us for reference, the summary of the spices 
analyzed showed: 
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This enormous amount of adulteration, amounting to nearly a 
universal custom, was followed in 1879 by a similar report : 
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In 1880 there were reported, as the results of the public analysts' 
work: 
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There is a very slight improvement apparent, but it must be remem- 
bered that in examinations of this description the specimens selected 
are always of a suspicious nature, those which are already known to 
be pure being omitted, so that year by year the list of brands which 
are excluded from examination increases. 
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' 111 1881 and tke foUowmg years tKe results were tabulated as fol- 
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* Many labeled " Mixtures." 



It is seen that several 3"ears after the enactment of the law the 
adulteration of spices is as enormoiis as at first, This arises^, how- 
ever from laok of pr osecutioii and non-enf or eemeiit of the law. Of 
the occurrence of adulterants in spices the chief analyst says in his 
report for 1885 : 

During the ^ear considerable attention was paid to s]3ices and condiments. View- 
ing the fact that in the past a very large rimonnt of adulteration had been reported 
as prevailing in these substances, and with a view to ascertaining whether the 
adulteration, was practiced by the manufacturer or by the dealers, a systematic vis- 
-itation was made of all the spice-grinders in the Dominion (or all that could be 
recognized as such), and their factories and stores we^'e inspected, under sections 7 
and 8, with the results as sho%vn in the appendix. 

The examination of 19 samples of gTound cinnamon resulted hi iindmg 7 genuiae, 
4 consisted of a substitution of cassia; 1 was adulterated with cassia, and 6 with 
other inert matter; 1 consisted of cassia adulterated with foreign vegetable matter. 

Of ground cloves/32 samples were examined. Twelve proved to be pure and 10 
adulterated/the adulterant cMefly used being clove stems, pea meal, roasteci aiid 
grouud coeoajnit sheila. 

Of 66 samples of ground ginger, S9 were reported as being adulterated, almost ex- 
clusively with wheat flour ^ non-injiirions to health, doubtless; but unless the "pur- 
chaser be duly warned of the nature of the compound his pocket would be seri- 
ously prejudiced, if not inpared, as thia sophistication was practiced to the extent of 
from 10 to 15 to from 25 to 40 per ceiit,, the pungency being impaired by the judi- 
cious admixture of Cayenne pepper. : - 

Fifty samples of mustard were examined, and many of these were properly sold 
as ''compound" or mixtures, but one of the worst samples was sold with a label 
guaranteeing it tobe " ground from finest English seed and free from adulteration." 
Of the 50 samples, 9 were reported genuine, 2 of excellent quality, and 89 were all 
more or less admixtures of mustard-seed or mustard cake (from which the natural 
fixed oil had been expressed), with wheat fiour and turmeric, and in some cases 
with corii-starch or bean meal, in varying proportions up to as high as 50 or even 
60 per cent. It was formerly contended that the addition of wheat flour or other 
inert matter was a necessity, to give the ground mustard keeping qualities and make 
the condiment palatable by softening its natural acridity. But the most reputable 
manufacturers have demonstrated the fallacy of this contention by the production 
of an absolutely pure mustard, which has received public acceptance and apprecia- 
tion; and two, at least, of our home manufacturers are happily following in their 
steps. It is a question yet to be decided how far the use of mustard cake, deprived 
of the natural fixed oil, is i^ermissible in the manufacture of this condiment. Dr. 
Ellis's observations on this matter are very much to the poiiat, and have, received 
confirmation by similar experiments in my laboratory, and doubtless when next the 
analyBts meet in conference this question will be settled in a manner favorable to 
the use of mustard cake. 

Twenty-four samples of Cayenne pepper were examinedj of which 14 were re- 
ported adultered, but 8 of these were appealed to the judgment of the chief an- 
alystj and the decision of the publio analyst was not sustained, as will be seen on 



reference to "appeal cases." The remaining 10 were reported adulterated with 
wheat flour and colored earth, in one case to the extent of 50 per cmt. The other 
10 samples were reported unadulterated, save 1, which was doubtM^ it apparently 
haying been artificiaily dressed wi 

Sixty samples of ground pepper, black and white, were examined, of which 31 are 
reported as unadulterated, 1 doubtful, and 28 all more or less adulterated, the gen- 
erality of them to the extent of from 10 to 20 per cent., but the more flagrant cases 
from 80 up to even 75 per cent, in one case. The adulterant is chiefly farinaceous 
matter, also mustard husk, pepper hulls, clay, sand, and, not the least conspicuous, 
ground cocoanut shells— doubtless an innocent admixture, so far as health is con- 
cerned, but decidedly not a material of a character to improve the flavor or value 
of thB pepper as a condiment 

As stated, these samples of spices were all obtained from either the actual pro- 
ducer or wholesale distributer, and the results prove that, whether or not the retail 
Tender still further improves" his spices, &o., before retaihng them, his demand 
for a cheap adulterated article is amply provided for by the manufacturing dealer. 

For the most part the producers of these sophisticated goods expressed themselves 
anxious for the enforcement of the law for their suppression, but objected to fch© re- 
quirements of the law that if sold they should be distmotly labeled as impure. Some, 
on tha other hand, contended that the public was benefited by a slight admixture; 
that a really better article oould be supplied at a lower price if the finest and fresh- 
est ^spices were ground with an admixture of inert matter than a tlioroughly pure 
article but ground from old or perished spices— a specious contention, utterly un- 
tenable in the true interests of the public. 

But have not the producers of these sophistications some justification? not the 
supply of a demand which undoubtedly has existed a Justifiable enterprise, what^ 
ever that demand may be, so long as it is within the law? Ignorance does un- 
doubtediy demand cheapness, and a demand thus ignorantly made is only too surely 
supplied, and hence the need for costly legislation to protect ah ignorant and 
thoughtless public against itself , for it does demand the very goods which the ana- 
lyst must condemn and the vender be prosecuted and toed for selling; whereas the 
public s reckless ignorance is the chief cause, and should suffer some measure of the 
penalty. It is time that, through the operation of this act, such ignorance should be 
cleared away and the public be enlightened and a,wakened to its own true interests. 

These remarks apply equally well to mueh of tlie spice mid in tlie 
United States. Massachnsetts, Kew York, New Jerseyj and MicMp-an 
alojie have laws of any value in regard to the adulteration of food, 
and it w easy to see in what condition the spices and condiments sola 
m other partg of the cotintry must he. In Massachusetts, where 
investigations under the law have been going on since 1882, it has 
been shown, as in other localities, that the adulterations of spices are 
nnmerons but harmless. Dr. Sharpless, in his report of 1883 upon 
this subject, remarks that he agrees with the opinion expressed by 
Dr, Leeds, of N"ew Jersey, in his report of 1880, to the New Jersey 
btate Board of Health, that there has been much sensational writing 
upon the snbject. This is perhaps the case with some few writers of 
th^ stamp, but it can have done no harm> for it has not produced 
sumcient effect upon the public to create a demand for any purer 
spiees, as appears from the figures of Dr. E, S. Wood in 1884, who 
reports m regard to the samples he e:;^aminGd as analyst of foods for 
Massaohusetts : . 
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This is nearly as serious a eondition as was found in Canada^ "but 
again in 188& Dr/ Wood reports; 
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wHciL is little or no improvement. He found the common adulter- 
ants of mnstard to be flour, turmeric, and sometimes a little cayenne. 
Gloves suffered from extraction of the volatile oil and the addition of 
clove stems, allspice, burnt shellsyand other cheap substances. Cas- 
sia-contained ground shells and crackers. Ginger was in many cases 
colored, and in sonae instances wheat and com flour and clove stems 
were' present; allspice is too cheap to be often adulterated> but in 
eight samples mustard hulis> ground shells, clove stems, and. cracker 
dust were found. In mace, flour and corn-meal were diluents, and for 
the peppers, crackers, mustard hulls, pepper dirt, powdered charcoal, 
: rice, corn, and buckwheat. 

Under the New York law of 1881 Prof, S. A. Lattimore investigated 
a number of spices and spice mixtures submitted to him. 

The result of his examination of the commercial ground spices are 
commented on, after givihg the proportions which were found adul- 
terated, in these words : 

The spices present an inviting field for the exercise of fraudulent arts. They are 
almost nniversally sold in the form of fiiie powder and in opaque packages, which 
do not admit of easy e^iamination on the part of the purchaser. Consequently any 
cheap substance which may be easily pulverized to a similar degree of fineness, and 
which possesses little distinctive taste or color of its own, answers the purpose ; so 
that the list of adulterants for this class of articles is naturally very large. The 
adulterations found in the samples now under consideration may be classed into 
four groups : first, integuments of grains or seeds, such as bran of wheat and 
buckwheat, hulls of mustard seed, flax seed, &c. ; second, farinaceous substances 
of low price, such as are damaged by the accidents of transportation or long storage, 
such as middlings of various kinds, corn-meal and stale ship-bread third, legu- 
minous seeds, as peas and beans, which contribute largely to the profit of the spice 
mixer; fourth, various articles, chosen with reference to their suitableness for 
bringing up the mixture as nearly as possible to the required standard of color of 
the genuine article. Various shades, from light colors to dark browns, may be ob- 
tained by the skilKul roasting of farinaceous and leguminous substances. A little 
turmeric goes a great way in imparting the rich yellow hue of real mustard to a pale 
counterfeit of wheat flour and terra alba, or the defective paleness of artificial black 
pepper is brought up to the desned tone by the judicious sifting in of a little finely 
pulverized charcoal. Enough has been already given to show that the field for 
sophistications of this sort is a wide one, and offers large scope for the development 
of inventive genius, so that each manufacturer of articles of this class would be 
likely to possess his own trade secrets. It will be observed that the adulterating 
materials just mentioned all belong to the class claimed to be harmless. In no in- 
stance has any poisonous substance been discovered. The proportion of foreign and 
genuine substances in the spices varies between wide limits, in some instances the 
former being slight ; in others, the latter seemingly present in just sufficient quan- 
tity to impart faintly the requisite taste or odor. Even this small proportion of the 
professed article is occasionally further diminished by the substitution of other sub- 
stances ; as, for example, in imparting to corn meal finely ground a pungency sug- 
gested by real ginger by the addition of a little salt and red pepper^ 

It is probably not so widely known as it ghould be that the demand for the ma- 
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terials for adulteration has called into existence a branch of manufacturing industry 
of no insignificant magnitude, having for its sole object the production of articles 
known as spice mixtures " or 1' pepper dust." The use of " pepper dust," or, as the 
article is commonly designated in the technical language of the trade by its abbre- 
viation P. D.," is a venerable fraud. 

The manufacture of '' P. D." is now a regular branch of business, and the original 
and specific term pepper dust " has expanded with the progress of inventive art to 
generic proportions, until now we have as well known articles sold by the barrel, 

P. D, pepper," ' 'P. D. ginger," " P. D. cloves," and soon through the whole ai'omatic 
list. When it is considered that these imitations, lacking only such flavoring with 
the genuine article as the dealer tliuiks necessary to make liis goods sell, are sold at 
at from 8 to 4 cents a pound, and the retail price paid by the consumer is com- 
pared with it, the strength of the temptation to engage in such practices is 
clearly seen. When manufacturers openly advertise themselves as assorters and 
renovators of merchandise, and openly propose to cleanse musty and damaged 
beans by a new and patented process, it is full time that its significance should be 
considered by the j)ublic. - 

From tliese investigations wMch. liave been quoted it appears that 
tlie adulterants wMcli are met with in tMs country are very numerous. 
Under the head of spice mixtures^ or /^P. D." much refuse of all de- 
scriptions is used up, and there are such changes in the character of 
the material from time to time as the sources of damaged material or 
refuse at hand may suggest. The diluents used in Baltimore ^ are 
quite different from those in New York, and in the District of Co- 
lumbia, in consequence, some of the adulterants which are mentioned 
most commonly in the reports from the North are never found. 
While it is possible, theref ore; to give a list of substances which have 
been used as adulterants, it is quite out of the question to say in what 
directions the ingenuity of spice mixers y/ill extend in the future- 
The following contaminations in the various spices have been already 
noted in this country: 
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Spent cloves, clove stems, cracker dust, ground shells, 
jBice ^owr, salt, and shipstuff. 

Ground shells and crackers. " . 
Cassia, peas, starch, 
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Cereals, turmeric^ mustard hvMs^ cayenne, peas. 
Cereals or starch, buckwheat. 
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Do. 

Eefme of all sorts, p^per dust, grmmd crackers op shipstuff, 
yellow corny rice^ mustard hulls, charcoal, cocoanut sheus, 
cayenne. 












Nutmeg .r. . . . v . V. ^ ....>...,;... . 





The materials in italics have been identified in spices examined in 
the laboratory of this division, but some of the commonest adulter- 
ants have not been found. 

Of the means of detection of adulteration, details will be given in 
a special report of this division (Bulletin No. 13, Part 2), but they 
are of too technical a nature for reproduction in this place. 

It will suffice to repeat what has already been said, that fortunately 
it is not difficult to detect the presence of adulteration with the means 
at our command, so that with a proper board of analysts the practice 
may be prevented under the enforcement of a carefully drawn law. 

Microscopical examination alone will in most cases reveal the qual- 
ity of a ground spice, and when a careful study has been made of the 
normal charaGter of the various spices and of the usual adulterants^ 
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it la not only easy to detect tlie presence of foreign matter, but to 
Identify tlie source. In tlie peculiar form and properties of tbe vari- 
ous starclies we find a great aidj inasmucli as many of tlie spices con- 
tain no stareli^ and the presence of any at once sliows tli at some for- 
eign substanc© eontaining it has been added, Otner spices contain 
starcb^but of such distinctive form and character that it is Bot easily 
confused with that of adulterants. The elements of which the 
structure of the berryj the baric, the pod, or whatever part of the 
plant may be used as a spice^ are composed are also distinctive, and 
the arrangement of the different kinds of vegetable cells more or less 
characteristic of each spice and distinot from its adulterants, For 
all this examination it is of oourse necessary to have for reference 
specimens of well-authenticated spices, whole and ground, and of the 
common starches and adulterants^ In our special bulletin an attempt 
'has been made from our own experience and that of others to describe 
the most characteristic points in. the structures which are met with. 



of determixiing the character of a ground spice, in all cases of imyjor- 
taiice, where a question of the sale of adulterated articles is involved^ 
resort for coufirmation should be had to chemical analysis. Unfor- 
tunately, this method of investigation is not a^ available as the micros 
gcope, requiring greater faoiiities and skill, , and consuming much 
■ longer time; It has not, in. addition, received that amount of atten- 
tion which it should have done, and in consequence the standards of 
purity are not as well fixed as they should be. 

The results of a study of this side of the subject will be presented 
in the special bulletin of this division which has been referred to. , 

Gonsidering the spices iiidividually as they ai'e met with, both pure 
and in the trade^ there are certaiii peculiarities which should not be 
overlookado 



Mustard,.;as.sold in the groumd state, should be the farina or flour 
of the black or white mustard seed; that is to say, the flour from the 
interior of the seed, bolted or . separated from the hulls. The two- 
kiiids of seedj although derived froxa plants of the same genus, are 
somewhat different in their chemical composition. The black seed 
is much the most pungent, and develops on mixing with water a vola- 
tile oil which gives this condiment its penetrating character; There 
is also present in the seed complicated organic substances of a bitter 
nature, to which is due also some of the peculiar flavoi:, and while the 
white seed forms no volatile oil with water, it contains more of this 
bitter substance. It is, therefore, very common to mix the two in 
grinding. The sources of the seed are various. In our markets at 
X^resent there are quoted Oalifornia black and white, Dutch, Trieste 
black, and English, the last being the most valuable. 

In the manufacture of the seed into flour for the market two cus- 
toms have arisen which change the nature of the originar substance^ 
and therefore would commonly come under the head of adulteration. 
One is extremely oW, the addition of flour for the purpose: of making 
the condiment -keep better. This necessitates the restoration of the 
yellow color by turmeric. Both of these diluents are harmless, but 
there seems to be n<^^ reason for their use, and it is gradually becom- 
ing commoner to find mustard free from them in English brands. 
The other custom is the abstraction of the fixed oil by pressure be- 
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for© griMiiig tlie seed. The percentage of this oil is over 3D. It adds 
nothing to the flavor of the mnstard, probably injures its keeping 
;qualities, makes the seed more difficult to mill, and its removal is 
therefore a benefit. It is a nearly; universal Giistom at the present day 
in thiscountry and is not considered as f raiidnlent by the Canadian 
^ ansalysts. - : - 

FaMfioations of xnnBtard othei' than those mentioned are not com- 
mon. The hnlis, bolted from the fionr in the process of mannfactnre, - 
are preserved^ and form the basis of the adiilteration of many other 
spices. 

PEPPEk— BLACK AND WHITE, 

^ Pepper is more in demand than any other spice, and in consequence ■ 
is more adulterated. Its appearance in the ground form, especially 
of the black, is such as to make it possible to use all sorts of refuse 
for this purpose, and almost everything that has been used a§ an adul- 
terant has been found in pepper. White pepper, which is simply the 
black deprived of its outer black coats, is of course less easily falsified, 
but in France is diluted to an immense extent with ground olive 
stones, which bear a striking resemblance. Among the samples from 
Washington grocers, pepper sweepings— that is, husks and dirt, rice, 
cayenne^ yellow corn and inustard hulls— were the commonest ad- 
mixture. Sand is said to be very commonly added abroad, but has 
not been met with here. 

In Canada and New York ground cocoanut shells are a cheap source 
of adulteration, but they have not extended so far South. 

The quality of a ground pepper can be told by an expert from its 
weight and an examination with a lens of low magnifying power. 
The i)articles are not coarsely ground and it is not difficult to pick 
out pieces of husk, shells, and rice, and, if necessary, a more careful 
inTestigation under a microscope of higher power will serve for con- 
firmation. Black peppers, in our experience, are much more liable to 
adulteration ihan white, although it is perfectly easy to dilute the lat- 
ter with broken rice, corn, or beans, which are inexpensive; All these 
materials f ortunately, owing to the grossness of the adulteration, are 
readily :rei30gmzed, and there is hardly the necessity for recourse to 
chenaical analysis. There has been, however, considerable investiga- 
tion in this directian, so that there are means of confirming the optical 
examination which are of great value. Determination of the amount 
of starch is one of the methods which is in use, for if under the 
microscope foreign starch is not detected, then the addition of P. D. 
or other starch-free adulterants will diminish the percentage found, - 
In this way, too, one is able to arrive at an approximate conclusion 
as to the proportion of adulterant added, which can only be estimated 
within wide limits under the microscope. In spite of the immense 
amount of adulteration it is possible from the best shops to obtain 
pure ground peppers, but it is at the same time safer, with a family 
spioe^mill, to grind the whole berries as they are needed. The sources 
of our pepper supply are Tellioherry, on the west coast of Hindostan, 
which is graded high, and Penang and Singapore for the East, Suma- 
tra, J ava, &c. The importations are principally through London, 
and not direct. The supply of ground pepper from England will 
usually be found more pure than our own brands and at the same 
time is naturally more expensim 
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CAYENNE OR BEI) PEPPER. 

The coiidiment sKould con^^ the ground pods of any of several 
species of capsieiim, known as chillis^ or peppers. It is said to have 
been adulterated with many substances — ^brick dust, red lead, and 
coloring matters— but in Washington only; rice has been detected, but 
that quite frequently. Inferior material is no doubt often ground, 
but the small value of the foods and the small quantity consumed 
do not tend to increase adulteration. 



■ ; :/ ginger. - ^ - - - 

Ginger is the root, or, technically, rhizome, of a plant somewhat 
similar to our iris and flag; It is grown in various parts of the world 
and prepared with great care and great carelessness, being at times 
scraped and bleached, at others simply cut in any condition, and 
dried, so that there is a large number of varieties and qualities to 
be found in the market. They all, however, retain sufficiently the 

: m root to make the detec- 

tion of adulterants easy. The common ones are the addition of wheat 
flour or some starch as a diluent, or the coloring with turmeric, to suit 
a popular fancy, for ginger-bread. Mustard hulls and Cayenne are 
also found in some States, but have not been detected here. They 
; are a and make ^^u^ of flour. 

; Thei The sources of our supply are Jamaica and 

the West Indies, Cochin China, Africa, and India. That from Ja- 

_ m 

The flower buds of the clove tree, carefully picked and dried, consti- 
tute the spice known by that name. Their valuable properties are 
-due to the volatile oil which they contai having as much 

- as 20. 0 per cent. ' : 

/ The removal of this oil is so very easy, that it is the commonest 
method of deception to do so before grinding the spice and to then 
dispose of it as pure. We have ready means of determining the loss 
chemically, but the microscope gives no indication. The addition 
of the cheaper clove stems is also practiced, as they cost but 6 cents, 
when the buds cost 27. The microscope reveals their presence by 
certain cells which they contain which are absent in the buds. Pim- 
ento is sometimes substituted in part or entirely, as it has a clove- 
like flavor, but only 4 or 5 per cent, of volatile oil. It is worth less 
than one-fifth the price of cloves. Its cheniical composition and its 
structure— that of ja berry---reveals its presence/ The addition of the 
hoarser adulterants— cocoa flour, peas, and the like — have 

not been observed, but no doubt frequently occur, as has been found 
In Canada. 

The sources of our supply are the East Indies (Amboyna), African 
(Zanzibar), and American, ranking in value in the order named. 
Cloves should, if possible, be always purchased whole, as they dete- 
riorate less readily in that form. 

CINNAMOK AND CASSIA. " - 

These spices are the barks of several spices of the genus Civ/umno- 
mum^ the true cinnamon being a native of Ceylon, where it is largely 
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cultivated^ and the cassias "being derived from several spices growing 
ill CMna, India, and the East Indies. Cinnamon as it reaches the 
nwket is very thin, the outer and inner coats.of the b 
removed. Cassia, on the other hand, is thick, as it consists of the 
entire bark, and; can be distingnished by its retaining its natural 
outer surface. Cinnamon is by far more valuable than the cassia, as 
there is a smaller supply, and intrinsically, since it contains a much 
greater proportion of volatile oil and that of higher and more deli- 
cate aroma. In consequence cassia is largely substituted for cinna- 
mon, and in fact not a particle of ground cinnamon can be found in 
ihe market. It can be found in the whole condition in good quality 
only in drug stores. Cassia exists in many forms and qualities, and: 
.sells at wholesale at from 7 to 40 cents a pound. That known as 
Saigon is the best, and that exported from Batavia the poorest. Ca^s- 
sia buds also hold a small place in the market. 

The detection of the substitution of cassia for cinnamon, since the 
barks are of trees of the same species^ is more difficult than is usually 
the case, and may prove troublesome to a novice. The presence of 
more woody fiber in the latter and the aid of chemical analysis serves, 
however, as reliable distinctions. In the samples which have come 
into our hands not a particle of material labeled ' " ground cinnamon 
proved to be anything but cassia. The spice-millers appeared, how- 
ever, to be satisfied to stop at this point, and no addition of cheap 
stuff to the cassia was detected. Should it be added there would be 
iio difficulty in noting it, as has been done in Canada, where peas, 
starch, ground shells, and crackers have been found in powder 
labeled both cassia and cinnamon. 

The barks can in most cases, and especially the cinnamon, be used 
nearly as well in the whole condition, and should at least be so pur- 
chased and then ground, A slight acquaintance with the appearance 
of the different qualities will teach one the proper selection to make. 

NUTMEG AND MAOB. ^ 

These spices are different portions of the fruit of a tree, known as 
the nutmeg tree, Myristica fragranSy the nutmeg being the kernel 
and the mace one of the outer coats or arillus. The tree grows prin- 
cipally in the Banda Islands, and the spices reach us through Lon- 
don. They can always be obtained in their original condition, and 
should be so purchased. When ground they are mixed with diluents 
of various descriptions, principally cereals or their refuse, which are 
easily detected. Owing to the inf reqtiency of the sale of the jjow- 
dered nutmeg and mace theiijidulteration has attracted but little 
attention. - 

CHARACTER OF THE SPICES IN THE DISTRICT OF COI.UMBIA. 

The spices found in Washington are from various markets. The 
first-class grocers carry the best English and some good American 
brands. Adulteration is infrequent, except among the mustards, pep- 
pers, and cinnamon, the former having lost its oil and added flour, and 
the latter having cassia substituted for it. Among the cheaper dealers 
adulterated spices are nearly universal, the supply being obtained 
largely from Baltimore, and to a small extent ground in Washington. 
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Of a series of samples colleoted impartially from all classes of sliops 

■fclie ratio of adulterated to non-adulferated Was as follows: 



Variety of 8piG6. 


Pare. 


Adulter- 
ated. 


Substi- 
tuted. 


liif ©riori 




3 






1 
3 




1 
4 

- ] 
1 

no 


10 




4 
4 
3 






















Q 
1 

3 
1 
7 






Pepper: : : 


6 

1 

4 
2 


















Hmento .... ^ * .\ ^ * • - 











* Oil expressed in one case turmeric added, and oil expressed in all Amerioan brd^ds. 



Details of tlie peculiarities fotiiid in the above samples, witb. tM 
metliods employed in investigatiiig them, will be found in the speoial 
bulletin of this division on food adulterations^ together with chemi- 
cal analyses of these, aud othef samples, which camiot well be pre- 
sented here, where it is intended merely to call the ;^tiblic attention 
by a few examples to the extent of adulteration of spices at the pres- 
ent day. : . .\_ : 

■EKmmMmm^iM the MAmmoTmE ojr BmAn moM mMmuM. 

The results of the experiments made at Ottawa last year gave en- 
couragement to the friends of the sorghum sugar industry^ and' led 
to the undertaking of a new series of experiments at Fort Scott. 

The difflusion battery consisted of fourteen cells, arranged in single 
line, with oalorisators and apparatus for use of compressed air in 
discharging the water from each cell before dropping the exhausted 
chips. The working of the battery was entirely satisfactory. 

Each cell had a capacity of 75 cubic feet, and would hold 1,900 
pounds of sorghum chipSj moderately packed. Each ceH was con- 
strticted from the drawings obtained from the Fives-Lille Gompany^ 
and the detailed description may be found in Bulletin No* 8. 

The cutters used were those employed at Ottawa last year. With 
very sharp knives, and with cane fresh and green, they did reasonably 
good wgrk^ but after a frost had killed the leaves of the cane it was 
found almost impossible to make the cutters work. It often required 
half an hour to fill a single cell. When it is remembered that the 
rest of the apparatus could easily have worked a ton of chips each 
eight minutes, the disastrous effects, of this delay can be appreciated, 

From this cause great troiible Was experienced in working the bat- 
tery. When all the cell^ were In Me each one was often under pres- 
sui*e three ; or four hours. The cane was unusually acid, and from 
this there followed a large inversion of sucrose in the battery. If, 
to avoid this, the teniperature of diffusion was lowered, fermentation 
would set in. There wa& nothing left for ug to do but to work a 
Bmaller number of cells. Often only six or seven cells were under 
pressure, and consequently the degree of extraction was far less per^ 
feet than it worild have been otherwise. - 

The style of cutter used furnislied a chip well suited to diffusion, 
but I am convinced that these cutters are more costly and require 
more power for operation than is necessary. 



With a view ptircliased a beetroot 

cutter fomierly used by the Bortland Beet Siigar Oompaiiy, and had 
it rebuilt by the Golwell Iron of New York/ for an experi- 

mental cane*otLtter. : ^"'^^ :: - 

This apparattis had a horizontal disk, and was so modified as to 
take a multiple feed, the cane being delivered to it through six hop- 
pers inclined 40 degrees to the vertical. With perfectly clean canes 
this cutter gave promise of succesSj but with the sorghum cane as it 
oaine froM the field it proved a total £ 

This leads me to believe that the cutters used at Java and other 
places so successfully with sugar-cane would not serve the purpose of 
slicing sorghum for the battery. Any question of cleaning the canes 
before delivering them to the cutter must be negatived on the score 
of economy. 

For the further study of the problem I tried the system of cane 
slicing invented bv Mr. H. A. Hughes, of Rio Grande, N". J. : 

The principle of this system consists in first cutting the canes into 
lengths of 3 or 4 inches by means of an ensilage-cutter, and after 
passing them through a cleaning apparatus deliver them to a shaving- 
machine, constructed on the principle of a board-planer. 

This latter part of the apparatus was kindly loaned to the Depart- 
..-ftent^y Mr. Hug -_ 

The caues were first cut by a Belle City ensilage-cutter into pieces - 
about 2. 25 inches in length. These pieces were run though a fanning- 
miil and nearly all the blades and sheaths were thus removed* The 
clean pieces of cane were nes:t delivered to a slicer built on the princi- 
ple of an ordinary; board-planer. The cylinder was 6 inches in diame- 
ter and 30 inches. in length, and carried two knives projecting one- 
eighth to one-sixteenth inch beyond the surf ace. This was driven at 
a high rato.of ^peed, over 3^000 revolutions per minute. The canes 
were shredded rather than sliced by thig procees, so that the extrac- 
tion of the sugar was rather a maceration than a diffusion* 

Even with this small machine it was found possible to prepare 
nearly as much cane for the battery as with the three ponderous cut- 
ters described. It was found, however, that the ensilage-cutter was 
not strong enough to do the work, and hence this most promising 
system of cane-cutting, practiced successfully at Rio Grande, was dis- 
continued. The experiment, however, led me to believe that the prin- 
ciple was: the right one; especially is this so because it permits of the 
easy cleaning of the canes by first cutting them into small pieces. 
This seems to be the only practical way of accomplishing what is of 
prime necessity to diffusioii^ viz/ the r all deleterious sub- 

etances from the chips. . " _ V 

Having demonstrated the practicabiiity of cleaning the cane in the 
inamiei' already described, my atten^^ next directed to the con- 

sideratioii of the best.method of cutting the short pieces of cane into 
chips suitable for dijffusion. j'or this purpose I had constructed by 
the Fort Scott Foundry a centrifugal slicer. The theory of this appa- 
ratus was that the knives, being carried in a revolving frustum of a 
cone, and the short pieces of cane being fed from the inside of this 
cone, the ehips, as soon as cut, would fly off by centrifugal force. A 
trial of this apparatus showed that the fiber of the cane would clog 
theknives and thus stop the work* The close of the season prevented 
any modifica^tion of the apparatus. I think the principle of the appa- 
ratus is promising enough to warrant further trial* 
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As a result of the experiments witli cutters the following conclu- 
sions can be drawn: 

(1) "Wkatever tlie form of tlie cutting-maciiine employed may be, 
it is necessary that the cane be cleaned. This cleaning should not 
consist of the removal of the blades alone, but also the sheaths. 

(2) The slicing of the Cannes obliquely by means of a vertical cut- 
ting-machine with a forced feed is not an economicar method of pro- 
cedure. V : y - I 

(3) The use of a cutting-machine with a horizontal disk and multi- 
ple feed is impracticable for sorghum canes unless they are perfectly 
clean. 

(4) The preliminary cutting of the canes into short lengths promises 
the easiest solution of the problem of cleaning the cane. 

(o) The subsequent slicing of these sections by some form of appa- 
ratus is a mechanical problem which can be solved. 

THE APPAEATUS FOR BELIVBRIKG THE GHIPS TO THE BATTERY AND 
REJUiOVING THEM THEREFROM. 

The working of the chip elevators and the apparatus for removing 
the exhausted chips was exceedingly unsatisfactory. 

The chips falling into the pit below the cutters were carried by a 
screw conveyer to a bucket elevator. Thence they were dropped onto 
a belt convey er, which delivered them to the apparatus for blowing 
out the leaves, &;c. The screw, the elevator, and the belt frequently 
became choked, and occasioned a great deal of trouble and delay. 

The apparatus for removing the exhausted chips gave still greater 
trouble.^ ^^^^^^^^ ; : : 

In discharging a cell the whole contents, weighing a ton, were thrown 
at once on the conveyer. This load was too great, and many days' 
delay were experienced in making the alterations necessary even to 
moderate efficiency. ; 

The elevator for taking the exhausted chips from this conveyer was 
a very complicated and inefficient piece of apparatus, and many tedious 
changes had to be made before it would do the necessary work. Fi- 
nally its use was a^bandoned altogether. The lessons taught by these 
unfortiinate delays show that the proper method for removing the ex- 
hausted chips from the battery is by means of a tramway and. dump- 
cart;as practiced at Almeria, and described inBuUetinFo. 8, A great 
deal ot apparatus and power will be saved by this method of disposing 
of tTie chips. The conveyer for filling the cells worked in marked 
contrast with the rest of the chip-handling machinery , and gave per- 
fect satisfaction. This conveyer extended the entire length of the 
battery, and was placed directly above it. Over each cell was a door 
in the floor of the conveyer. When a cell was to be filled the door 
above it was opened and the chips fell through onto a funnel, which 
directed them into the cell. The bottom of the conveyer at Fort 
Scott was too near the top of the cells. It should be not less than 6 
: feet above the top of the cells, so as to allow ample room for tamping 
the chips as they fall into tlie cell, thereby greatly increasing the ca- 
pacity of the battery. I do not think a better contrivance could be 
devised for hlliDg the cells of a line battery. I am still of the opinion, 
however, that the charging of a circular battery, as described in Bul- 
letin ]^o.^ 8, would be a more simple method. The disposition of the 
battery, however, is not a matter of vital importance. 

I am further of the opinion that it will not be difficult for an ingeni- 
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ous meehanieal engineer familiar with elevating apx^aratus to bnild 
the macMnery whicli will elevate the cuttings to the battery without 
any difficulty. By the employment of the centrifugal patter already 
describedy which can be placed directly over the battery; the eleva- 
tors will only have to carry the short pieces of cane — a very easy task, 

MACHINEKY FOR HANDLING THE CANE. 

The apparatus for taking the cane from the carts and delivering it 
to the cutters was designed by Mr. W. L. Parkinson. The carts for 
blunging the cane from the fields are provided with a rack of peculiar 
construction. On this rack are placed ropes in such a manner that 
when the cart arrives at the unloading station the ropes can be brought 
together, inclosing the whole load of cane. By means of a power 
drurn the entire load is drawn from the cart onto a weighing-truck^ 
running on a tramway. _ 

As soon as the weighing is completed the truck is moved along the 
way until it comes opposite the: caiie-carrier. It is drawn from the 
truck by means of - a power drum, and is dragged down an inclined 
plane in large armfuls to the carrier. The carrier runs at right angles 
to the length of the cane and to the elevators: which deliver the ca.nes 
to the cutters. As the cane is carried along this feed-table the heads 
are cut off by a circular saw running at a high rate of speed. The 
heads which escape the saw are afterwards cut off by hand. The 
canes then pass to a point midway over the three elevators leading to 
the cutters. Thence, by means of an ingenious contrivance, it can - 
be dropped: into either carrier at will. The apparatus worked well, 
but aside from the removal of the tops I doubt whether so compli- 
cated a piece of machinery is neces^^^ 

CAREONATATION APPARATUS. 

This apparatus consists of a lime-kiln, washer for the gas, carbonic- 
acid pump, and earbonatation tanks. 

LIME-KILN. ■ 

The lime-kiln was built by Mr. Gr. L. Spencer, with castings and 
plans from the Hallesche Maschinenfabrik. The pump was-built by 
the same firm, but was purchased, as well as the castings just men- 
tioned, from the Portland Beet Sugar Company. After the workmen 
learned how to conduct the operations at th^ kiln we had no trouble 
with its manipulation. It furnished an abundant supply of gas, and 
an amount of lime in large excess of the quantity required. 

The limestone at first furnished contained a large quantity of ce- 
ment, and was unfit for use. In all, several days' delay was caused 
by this imperfection. 

After reasonably good limestone was obtained all worked well. 
The analyses of the limestones employed will be found among the 
analytical data. The drawings and detailed description of the lime- 
kiln are foiind in Bulletin No. 8. 

THE PUMP. 

The pump was delivered to us in that state of imperfection which 
three months of very hard usage and six years of disuse produce. 
Nevertheless, after a proper adjustment it worked with perfect, satis- 
faction. In all not more than half a day's delay was caused by the 
adjustment of this apparatus. 

: 20 AG— '80 : : ' 



306 



BEPOBT OF THS COMMiSSlOHEB Off AaBIOUMUBE. 



THB CARBONATATION TANKS. 

These tanks were built by tM Pusey & Jones Comx)any, accord- 
ing to tlie drawings and Bpecifi-cations in Bulletin No. By and gave . 
perfect satisfaction. I can suggest no improvement in tbem^ unless 
it be tb.e insertion of reyolYing paddles^ to keep down tlie f oam. 

These, four in number^ and of thirty chambers each, were con- 
structed by the Pusey & Jones Gompany, on the general plan of 
the Eroog filter-press^ but with certain modifications suggested and 
patented by Mr. Swenson, Their work gave perfect satisfaction. . 
The duly fault discovered in them was the weakness of the plates^ a 
great number of them breaking under the ordinary x^ressure. 

THE StTLPHUR APPARATUS. 

This apparatus consists of an air-compressor, two sulxDhur furnaces, 
three sulphuring-tanks, and three Kroog's twin filter-presses. The 
whole apparatus was built by the Sangerhauser Maschinenfabrik, 
and its work gave entire satisf action. The apparatus is described in 
datail in BuUetii^ Fo. 8. 

TbB whole of the machinery, with the unimportant changes noted, 
was constructed according to the drawings and specifications printed in 
Bulletin No. 8.. Their reproduction is not'considered necessary here. ■ 

" ANALYTICAL DATA. 

The analyses of canes, chips, waste waters, purified juices, &c., 
were made at the factory chiefly by Dr. 0. A. Crampton, assisted by 
Mr, J. Eake. The limestones, masse cuites, press cakes, &c., were 
examined in the laboratory at Washington. 

. the analyses of the gases from the lime-kiln were made by Mr. Gf-. 
L.Spencer. 

The full details of these analyses are given in Bulletin No. 14:. 

MUl jmces before October 1, 



1 



2& 



Index to mill juices. 



1. ..^ 



53. 36 
53.33 
57. 14 
58.83 



31... 

44... 
B3... 
61, . 
70. . . 
71,.. 
84... 
8S... 

sr... 



95... 
97.. , 
102.. 

103.. 

106^^., 

119.. 



60.60 
60 00 
51.60 

47. 15 
68.68 

56. 10 

58.62 
53.12 
61.77 
58.44 
46.43 
56. 56 
59.37 
59. 18 
53.00 
51.51 
.50. 10 



1.0773 
1.0669 
1.0539 
1.0574 
1.0710 
1.0770 
l.a788 
1.0794 
1.0688 
1.0832 
1.0784 
1.0770 
1.0750 
1.0818 
1,0888 
1.0848 

t.orm 

1.0638 
1.0776 
1. 0675 
1.0578 
1.0678 
1.0726 
1,-0684 
1.0764 



P, ct 
18.7 
16.3 
13.1 
14. 1 
17.3 
18 6 
19.0 
19.2 
16.7 

so.o 

17.8 
18;6 
18.2 
19.5 
21.2 
SO 3 
17.4 
35.6 
18.7 
16.4 
34.3 
16.5 
17. 6 
16.6 
17. 8 



P.ct 
13. 25 

11 46 
7.20 
7.50 
14 73 
9,47 
7,04 
4.92 
10. 83 
13 54 
11.48 
13. 11 

u.m 

11.03 
14.50 
3. 60 
9.49 
9.74 
13, 53 
11. 50 
& 20 
10. 17 
13.40 
10. 41 
12.39 



P,ct 



3.46 
4. 35 

4.95' 
7.80 
8 43 
2.49 
2. 97 
3. 58 
2.44 
2. 73 
4.20 
2.77 

11.36 
5.33 
2.16 
2.41 
2.80 
2.86 

.3.47 
1. 90 
4.08. 
3.78 



Av'am.y 55.79 1.0723 
Coefficient purity. .... 



37.56 10.49 
59.73 



4.01 



Aug. 30 
Aug. 31 
Aug, 31 

Aug. 31 
Sept. 3 
Sept. 15 
Sept. 16 
Sept, 17 
Sept 18 
Sept. 19 
Sept. 20 
Sept 21 
Sept. 21 
Sept. 23 
Sept. 22 
Sept. 25 
Sept. 23 
Sept. 23 
Sept. 24 
Sept. 2^1 
Sept. 25 
Sept. 25 
Sept. 28 
Sept. 29 
Sept/ 30 



Early amber cane from west field. 
Early amber cane from east field. 

Link's hybrid. 
Early orange. 

Early amber cane, jiiice extracted by hand. 
Early amber cane from east field, cut two days. 
Early amber cane, cut three days. 
Orange cane from wagons. 
Cane from carrier. 

Do. - - 

Amber cane from carrier. - 
Amber cane from carrier, cut yesterday. 
Orange cane from carrier. 
Amber cane from, carrier, cut two days. 
Amber cane from carrier, cut one day. 
Amber cane from carrier, cut three days. 
Cane from carrier. » 
Link's hybrid from field. : . 
Cane from carrier. 

Cane lilce preGeding, except badly lodged. 
Cane from earriei- (from lodged lot). 
Oi'a,nge cane, cut to-day. 
Cane from earner. 

Do: 

Do. . : 
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P.ct. 
61.76 



64. 54 

51.79 
51.35 
51.35 
56. GO 

m.70 

52. 94 
53. 8S 
55.55 



53.12 
60.10 
59. 63 
58.08 
58.83 
61.54 
60.00 
59.37 
63.07 
57.90 



"61.90 
63.16 
67;i4 
58.83 
59.09 

61.54 
63.41 
53.63 

57.26 
59.46 

63.07 
60. 71 
53.94 

63, 50 



50. 00 
60. 00 
56 53 



■1 . 58 



Av^age.l .58.01 1. 
Coefficient purity, 



1.0634 
1.0843 
1.0866 
1. 0680 
1.0740 
1.0710 
1.0818 
1.0778 
1. 0801 
1.0748 
1,0698 



1.0828 
1.0678 

i,om 

1.0758 
1.0596 
1. 0556 
1.0506 
1. 0^66 
1.0^64 
1.0676 

1.0618 
1.0633 
1.0588 
1.0718 
1.0736 
1.0593 

1.0833 
1.0673 
1.0956 

1.0846 
1.0666 

1. 0646 
1. 0654 
1. 0618 

1.0608 
1.0031 
1.0636 
1, 00-^8 
1.0684 
1.0639 
I.O08O 
1.0400 
1.0560 

1.0550 



0680 



P. ct 
15.5 
30.3 
30. 7 
16.6 
17. 9 
17.2 
19.7 
18.8 
19.3 
18.1 
17.0 



19.9 
16.5 
16.6 
18.3 
14.6 
13.7 
12.5 
18.5 
18,5 
16.5 

15,1 
15.5 
14.4 
17.4 
17.8 
14.5 

20.0 
16,4 
31.5 

20.3 
16.0 

15.8 
16.0 
15.1 

14.0 
15.3 
15.3 
16.5 
16.6 
15.4 
14.3 
10.0 
13.8 

13.6 



16. 60 
53.41 



P. ct. 
8.37 
14.50 
14. 37 
10.50 
12.39 
10. 65 
13.20 
9.95 
3.11 
6.67 
10. 69 



12.46 
9.10 
9.07 
4.55 
8.57 
7.73 
7.23 
7.02 
8.66 

10.29 

8.60 
8, 86 
6.65 
8.54 
10. 51 
8.83 

14.11 

9. 53 
5.71 

12.05 
7.68 

7.37 
10.09 
4.15 

4.64 
5.83 
9.51 
9.77 
8.51 
7.88 
7.45 
3, 66 
5. 87 

7.60 



8.70 



P. ct. 
4.96 
1.77 
3. 16 
2.60 
1.92 
3.37 
3.37 
4.88 



8.11 



3.03 
4.36 
3.84 
9. 62 
2.30 
3.38 
4.09 
7.74 
•3.04 
3.13 

3.25 
3. 98 
4.73 
5.04 
8.^ 
3. 10 

1.95 
4.56 
11.41 

4. 19 
5.17 

5.52 
2.23 
7.84 

7. 25 
6.07 
3.44 
3.75 
4. IS 
4. 38 
4,50 
3,31 
4.98 

1,97 



4. 15 



Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 



Oct. 7 

Oct. 8 

Oct. 8 

Oct. : 9 

Oct. 9 

Oct. 9 

Oct. 9 

Oct, 10 

Oct. 10 

Oct. 11 

Oct. 11 

Oct. 11 

Oct. 13 

Oct. 12 

Oct. 12 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 13 

Oct. 14 

Oct, 14 

Oct. 15 

Oct. 15 

Oct. 33 

Oct. 35 



iadex to mlU Juices. 



Oane from carrier, stripped. 
Oane from carrier. 

Cane brought in cars from Hammond. 
Amber cane from carrier. 
Orange cane from carrier. 
Cane from carrier. 

Cane, amber, on car from Hammond. 

Same, orange. 

Amber cane from Hammond. 
Bame, orange. 

Oane from ear, same as two preceding, but better 
averaged samples taken from center of car, 
wMe the first samples were taken from the 
outside, amber. ' 

Same, orange. 

Orange cane from carrier (juice very red). 

Oane from carrier, p. m. 

Cane from carrier, a. m. (old cane). 

Link's hybrid from field. 

Orange from field. 

Amber from field. 

Oane from carrier, cut several days. 
First fresh wagon-load lot in to-day. 
link's hybrid cane from Professor Swenson'Sj 

still green and not hurt by frost. 
Cane from carrier, freshly cut, a, m, ~ 
Cane from carrier, p. m. 
Cane from carrier. 

Oane on car from Hammond, orange. 
Cane on car from Hammond, amber. 
Cane, amber, lot from Hanunond by Dr. Wiley 

and Professor Swenson. 
Same, orange. 
Same, orange, No. 3. 

Cane for experimental run, orange,^ taken from 

same cars as yesterday's sampfes. 
Same, amber. 

Sample from other two cars from Hammond^ 

orange. 
Same, amber. 

Orange cane from Professor Sweneon's. 

First mill juice from experimental run, taking 

sample every hour, orange. 
Same, amber, taken at same time as above. 

Second sample, orange. 

Second sample, Link's hybrid, from Swenson's. 

Third sample, orange, from Hanamond. - 

Cane from carrier, amber. 

Cane from carrier, orange. 

"Denton*" cane, analyzed for Mr. Parkinson. 

Green cane from wagon. 

Cane from field across railroad, amber, still 
green. 

Cane from field south side railroad trackj amber. 



f 
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ANALYSES OF JUICE OF CHIPS FROM CUTTERS. 

These chips were taken from the cells of the battery as they were 
filling. A handful was taken from each cell nntil 10 had been sam- 
pled. 

The determinations were made by passing these chips through the 
mill and then subjecting the juice to exammation in the usual way. 



Mill Juices from chips taken from circuit of cells. 



Number. 


Date. 


Specific 
gravity. 


SoIicLs. 


Sucrose. 


Glucose. 








Per cent. 


Per cent. 


Per cent. 


308 ... . . . . 


Oct. 15 


1.0624 


15.3 


9.02 


2.61 


312 . 


Oct. 15 


1.0610 


14.9 


7.84 


3.42 


3.-i6 


Oct 16 


1.0670 


16.3 


9.29 


3.35 


34<3 . . . . . 


Oct. 17 


1.0648 


15.8 


8.17 


3.68 




Oct. 18 


1.0584 


14.3 


7.21 


3.31 


372 


Oct. 19 


1.0596 


14.6 


7. 69 


3.31 


31)0 


Oct. 20 


1.0648 


15.8 


8.82 


3.48 


412 ... 


Oct. 21 


1.0590 


14.5 


7.48 


3. 31 


429.. ... . . 


Oct. 22 


1.0618 


15.1 


6. 17 


4.18 


445 


Oct 23 


1. 0510 


12.6 


5.77 


4.44 


460 


Oct. 26 


1 0580 


14.2 


5.42 


4.85 


473 


Oct. 37 


1.0578 


14. 


4.50 


4. 95 






1.0605 


14.8 
13 17 


7.28 
6.48 


3.74 
3.31 


Means in cane 











Purity coefficient of juice, 40. 
Glucose per 100 sucrose in juice, 51.07. 



Diffusion Juices to October 1. 



Number. 


Date. 


Solids. 


Sucrose. 


Glucose. 








Per cent 


Per cent. \per cent. 


13 


Sept. 


9 . 


6.8 


3.29 


1.39 


16 


Sept. 


11 


8.5 


3.94 


1.99 


23 


Sept, 


18 .. 


9.3 


6.50 


1,66 


25 


Sept, 


14... 


11.7 


7.47 


1.53 


27 


Sept. 


14. 


11.2 


6. 17 


1.42 


29 


Sept. 


15 .. 


12.6 


6.36 


2.84 


32 


Sept. 


16 .. 


10.8 


5.71 


1.82 


38 


Sept. 


17... 


10.4 


5.62 


1.66 


46 


Sept. 


18... 


11,9 


6.59 


3.18 


51 


Sept. 


18... 


11.7 


6.94 


1.82 


57 


Sept. 


19... 


11,8 


5.66 


2. 85 


64 


Sept. 


20 . 


10.8 


4.37 


3.36 


69 


SeDt. 


20... 


12.3 


5 59 


3. 46 


77 


Sept 


21. .. 


11,8 


5.76 


2.89 


91 


Sept 


23. . 


11.8 


6.78 


2.19 


94 


Sept, 


24 . 


9.2 


4.81 


i.e4 


98 


Sept. 


24. .. 


10.7 


4.53 


2.;]3 


101 


Sept. 


25... 


9,6 


6, 06 


1.52 


104 ... 


Sept. 


25... 


8,9 


4, 13 


1,28 


108 


Sept, 


28... 


9.7 


5.68 


1,67 


114 


Sept. 


29... 


12.6 


6.76 


2,92 


118 


Sept, 


29,.. 


12,0 


6,37 


2,65 


122 


Sept, 


30... 


14.8 


7,22 


4,16 








11.77 


5.75 


2. .32 







Purity coefficient of juice. 48.93. 
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Diffusion juices October 1 to close. 



Number, 


Date, 


bOllOB. 


oucros6, 

- ' 


vclUCOSC 






Per cent. 


Per cent. 


Per cent. 




Oct. 1.,,. 


14.8 


8.60 


3. yfj 


V<i2.... 


Oct. a.... 


13.7 


7.01 


3. ii^ 


m... 


Oct. 2.... 


13.9 


7.68 


3.10 




Oct. 3.... 


13.2 


7,18 


2. 75 


K39.......... 


Oct. 3 .... 


12.9 


5.89 


3. m 


140„..., 


Oct. 3.... 


12.7 


6.51 


3. m 


141 


Oct. 3.... 


12. 9 


6, 47 


3. ,52 


149.......... 


Oct. 4.... 


9.8 


4.80 


2. 38 


152. ......... 


Oct, 4.... 


9.6 


4.71 


2.47 


155. ......... 


Oct, 4.... 


11. 5 


5.42 


3.28 


160 . . . . . 


Oct, 5.... 


12.3 


6.21 


8.34 


163.......... 


Oct. 5.... 


13,0 


6. 44 


3. 58 


166....../... 


Oct. 5. .. 


12.2 


5. 78 


3.40 


171.......... 


Oct, 5.... 


12.2 


6,03 


3. 23 


179.......... 


Oct. 7 


13. 3 


6.13 


4.41 


182 


Oct. 7.... 


12.7 


5.46 


4.23 


183.......... 


Oct. 7.... 


12.2 


5. 19 


4. 23 


18-4.......... 


Oct. 7,,,. 


13.2 


4.50 


4.41 


201.. 


Oct. 8 . . . , 


12.5 


5.40 


4.13 




Oct. 8,.,. 


11.8 


5.39 


3,98 


216.......... 


Oct. 9.... 


12.2 


4.04 


4, 65 


217., 


Oct. 9 


11.3 


4. 08 


4.07 


229.......... 


Oct. 10 ... . 


10,8 


4. 06 


3. 45 


237.......... 


Oct. 10.... 


11.2 


4.86 


3.30 


2i4.. 


Oct, 11,... 


10.3 


4.10 


3,43 


347 


Oct. 11 ... . 


10.3 


4.32 


8. 15 


354.......... 


Oct. 11,... 


10.9 


4.53 


3.09 


261.,,..,,... 


Oct. 12»... 


13.1 


5.76 


3,96 




Oct. 13.... 


13.3 


4.82 


4,06 


271.......... 


Oct. 12..., 


11.9 


5.44 


3.41 


296 


Oct. 14 ... . 


12.7 


5.80 


2. 14 


300 


Oct. 14 , , . . 


11.6 


4.92 
3.34 


3,54 


313..... 


Oct. 15 ... . 


9.1 


2,83 


327.......... 


Oct. 16 ... . 


11.6 


5, 14 


2.98 


328.......... 


Oct. 16.... 


11.3 


4.96 


2.94 


339 




11.7 


5.51 


3.08 


356 


Oct, 18,... 




4.38 


3,90 


357 . 


Oct, 18.... 


9.8 


3.64 


3.96 


371.......... 


Oct, 19.... 


9.9 


4.08 


3.53 


373..., 


Oct. 19.... 


10.4 


4. 38 


3.94 


88-9,...,..,.. 


Oct. 20,... 


10.9 


3.72 


3,91 


395 


Oct. 20 


7 2 


2 33 


2.08 


404.., 


oct!2o!!;! 


9! 5 


3. 58 


2,71 


410 


Oct. 21 .... 


11. 2 


3.97 


3,98 




Oct, 21 . , . . 


11. 0 


3 77 


4,44 


428.......... 


Oct. 22.... 


10.6 


4A1 


3! 31 


430.......... 


Oct. 22.... 


10.1 


3.95 


3.37 


435.....,..,. 


Oct. 29.... 


10.3 


8.91 


3.43 


441.,..,..,,. 


Oct. 22.... 


10.3 


3.82 


3.76 


444... 


Oct. 23.... 


10.1 


3.67 


3.77 


453.,,, 


Oct. 23 ... . 


10.1 


3.41 


3.63 


468.......... 


Oct. 26 


8.8 


3.93 


2.97 


478.......... 


Oct. 27.... 


7.8 


3.94 


2.55 


Average. 




11.34 


4.90 


3.39 



After September 30 the determinations are as follows: 

Per cent. 

Glucose in mill juices .......•....*. • • • • » - • • ^.15 

Not sugars in uSU juices. ... .... . . ^ • ■ o. T5 

Ratio 1 glucose to .90 not sugars. 

Glucose in cliips 

Not sugars in chips (calculated); . . 
Sucrose . ..... . . .............. . . . . 

Total solids . , . ............. 

Purity of chips before October 1., 
Purity of chips after September 30 



14.90 



60.5 
47.1 
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JUICE FROM CHIPS PASSED THROUGH EXPER MILL. 

From the analyses of the jnioes it is seen that the chips entering 
thehattery from OctQber 15 to the close of the season contained— 

. . - - : - ■ Percept. 

Sucrose.,.. .,v. . . ..... • ......... .. . • .... • 6.48 

Glucose . . . . , > • ............... 61 

Glucose per hundred of sucrose. .................................. • • ■ • ^ ^ 

Leaving out of the compntation the analyses of the chips in closed 
"bottles, the following ayerage character of the cane for the entire sea- 
son is obtained: 





Total 
solids. 


Sucrose. 


Glucose. 


Before October 1 ... . . .... . . . . . 

After September SO . . . . . ... , 

After October 14 


Per cent, 
15. 63 
14.77 
13. 17 


Per cent. 
9.34 
7.74 
6.48 


Per cent, 
8.57 
3.79 
3.31 


14.56 


7.85 


3.52 



Mean purity, 53.9; mean glucose per 100 sucroae/^^ , „ +1.- ™ 

AvaDable sugar,: calculated by taking (Ufference between sucrose and all other sohds, viz, 1.15 per 
cent. == SS pounc^ per ton. 

- " It will be interesting to compare these numbers with those obtained 
at Magnolia Station, Louisiana, in 1885, and recorded in Bulletin No. 
11, pp. 11, 12. ^ 

■ - - -Percent. 

Total solids meaner . . • - . , . . . / v 

'Total sucrose in cane. . ... ....... . . .. ..... . .. . . .. ........ ... . . . . ........ • . ^"'^9 

Total glucose in cane. ........ . . . . ... . . .. .. .. ..... . .. . . . . ..... ...... 

Mean purity .......... i. . * i. ..... . ........... .... ...... .... ^ • • . . 

Mean glucose per 100 sucrose, . . . . . . . . . . ............................ • • .... p. 44 

ATaiiable sugar calculated aa before, viz, 7.68 per cent.=151.6 pounds per ton. 

It thus clearly appears from a careful study of the analytical data 
that the sorghum canes entering the battery at Fort Scott were totally 
unfit for sugar-making. - 

No known process, save an act of creatio^n^ have made sugar 

successfully out of such material. 

If nothing better than this can be obtained, then it is time to de- 
clare the belief in an indigenous sorghum-sugar industry a delusion. 
This subject will be mentioned again in the summary. 

A general review of the data connected with this interesting problem 
shows that with fresh chips of fine quality the natural acidity is capa- 
ble of producing no appreciable inversion during treatment in an ex- 
traotion flask or while under pressure in the battery. With the dete- 
rioration of the cane, however, and consequent increasing acidity , this 
inversion becomes very great. In other words, the natural acids of 
the cane, such as malic and aconitic, are incapable of producing any 
appreciable inversion ; but the accidental acid (acetic) which comes 
from, deterioration may cause an inversion of the sucrose in a most 
marked degree. The most practical method of avoiding this danger 
appears to .me to be a mechanical contrivance which will sprinkle 
evenly over the entering chips 2 or 3 pounds of fine slaked lime or 
double that quantity of fine calcium carbonate to each cell of chips. 

As has already been noted, every other attempt to neu.trali2e the 
dangerous acids of the oane in a praotioal way has^^ f^^ 
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. . BIFFI7SI0N ^JUICES, 

The ratio of giiicose to sucrose (per 100) in tlie diffusion juices was 

asfolIows^^ _ _ 

Per cent. 

Before October 1 39.95 

After September 80 . 68. 15 

These results show tkat the inversion of the sucrose in 

the battery was nilj but that after frost this inversion was very marked. 
The fact is also emphasized by another, viz, that before frost the full 
battery of 14 cells was used, but that afterwards 8, 10, and 12 cells only 
were employed. Thus before frost the chips in the battery were longer 
under pressure than afterwards, and I may add that the temperature 
was also higher. These facts corroborate the statement already made, 
that when once the process of inversion has commenced it goes easily 
and rapidly forward under the eom:bined influehce of time and an ele- 
vated temperature. Before such deterioration begins a temperature 
of even 100° C. can be maintained for an hour without notable injury. 
. A further fact which is illustrated by the analyses of the diffusion 
juices from uninjured canes is that the diminished purity is produced 
solely by the extraction of gum and chlorophyll, chiefly from the 
blades and sheaths, and that this injury can be avoided by a proper; 
cleaning of the canes. 

With clean canes and those in which the sucrose is still uninjured' 
no alkaline substance will have to. be used in the battery. When, 
however, deteriorated canes are used, some such application will be 
necessary to save the sucrose from further inversion. As has already, 
been pointed out, finely powdered lime or calcium carbonate evenly 
distributed over the chips off ers the simplest solution of the difficulty. 

WASTE WATERS AND EXHAUSTEI) CHIPS. 

. The amount of waste water was very small, compressed air having 
been uniformily used to drive the water from the cell next to be 'dis- 
charged, : 

In the estimation of the sugar the sucrose was first inverted and 
the whole sugar estimated as glucose. The mean percentage of both 
sugars in the waste waters after September 30 was .17 per cent 
Since the mean glucose per 100 of sucrose for the season was nearly 
44, the respective quantities of sucrose and glucose were as follows: 

; Percent. 



Sucrose. ... .......... . , .11 

Glucose .... ... .... ....... , . 06 

In the exhausted chips before October 1, by the same method of 

calculation, there was of— 

Percent. 

Sucrose. .... .... .... .. . ... , , .16 

Glucose . . ... . . . . .. .. . . .... . . 08 

After September 30 the numbers are as follows: 

Percent. 

BucToae. , . 35 

Glucose : 17 



This increase in the sugar left in the chips was was due to cutting 
out a large portion of the battery, especially during the first week in 
October. At this time often only six cells were under pressure, but 
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tte result is seen in the large qua total sugar left in the 

chips, amounting in one instance to 1.52 per cent. 

After the 6th of October nine or ten cells were kept under pressure, 
and the content of sugar left in the chips was correspondingly dimin- 
ished. 

Sorghum, however, lends itself to diffusion more readily than any 
other sugar-producing plant, and a battery of ten cells properly man- 
aged would give good results as fa^ 

; ■ - / PRESS CAKES. 

The mean weight of the press cakes was 24.8 pounds. The mean 
content of moisture was 46.45 per cent. 

Since considerable time elapsed from the time of sending the cakes 
from Fort Scott until they were analyzed at Washington a consider- 
able, inversion of the sucrose took place. 

The mean total sugar in the twelve press cakes examined was 4.42 
per<3ent.: - : "v-. ■ 

Dividing this, as before/ find, of— 

: V : / : : : \ j \ . Per cent. 

Bucrose . . , . . . . ...... . . ................. , ..... 2. 97 

Gliicose. . ... .... , ........ , ......... 1. 45 

When extra care was taken in washing the cakes, as in the case of 
the Louisiana experimentSj, to be lateir described, only a trace of sugar 
was left in them. V ■ - : 

A glance at the composition- of the cake will show its value as a 
fertilizer. - ■ : _ - . . 

The quantity of lime used was nearly 1^ per cent, of the weight of 
the cane entering, the battery; 

- - RESULTS - OP WORK.- ;"- 

: The average weight of chips in the cells was 1^900 poimds. 

From the heginning of the first attempts to run the machinery 
(September 13) until it was found possible to save the product (Sep- 
tember 29^ 499 diffusions were made, amounting to 948,100 pounds. 
After beginning to save the product (September 29) until suspen- 
sion of work (October 20) 1,945 diffusions were made, amounting to 
3, 695, 500 pounds. The total weight of cane, seed, and blades received 
from the field after September 19 was 3,120 tons. 

The weigM of chips diffused. was 2,322 tons. The weight of seed^ 
tops, blades, and cleanings (by difference) was 79^ tons. 

Following is the number of cells of chips used each day after Sep- 
tember 19. Before that- date no separate daily account was kept : 



Date, 


Number of 
cells cut. 


Date. 


Number of 
ceLS'CUt. 


Date, 


Number of 
cells cut. 


Sept. SO. .. 
Sept. 21... 
Sept. 22. . . 

Sept. 23.,. 
Sept. 24... 
Sept. 95. . . 
Sept. 26 . . . 
Sept. 27... 
Sept. SB... 
Sept. 29. .. 
Sept. 30. . . 
Oct. 1 . . . 


30 

59 
44 

67 
89 
- G3 - 
66 
41 
33 

75 - 

66 

67 


Oct* 2.,. 
Oct... 3... 
Oct. 4.:. 
; Oct. 5 . .. 
Oct. 6... 
Oct. 7... 
Oct. 8... 
Oct. 9... 
Oct. 10... 
Oct. 31. .. 
Oct. IS... 
Oct. 13... 


69 
56 
79 

55 
53 
66 

m 

70 
79 
92 
85 
66 


Oct. 14. . . 
Oct. 15... 
Oct. IG. . . 
Oct. 17... 
Oct. IS... 
Oct. v.). .-. 
Oct. 20.,. 
Oct. 21... 
Oct. 22... 
Oct. 23... 
Oct. 28... 


80 
75 
100 

85 
55 

63 
91 

im 

106 
99 
43 


Total.. 










2,m 
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About one-third of the cane received was partly stripped of its 
blades. It appearB from the above figures that the seed tops, blades/ 
and sheaths of the cane will amount to nearly 30 per cent, of the en- 
tire weight. It must also be remembered that much of the blades, 
sheaths, &c., was not removed by the very imperfect cleaning appar- 
atus employed, and this weight is included in that of the "clean, 
chips.'- '\ 

STATEMENT SHOWING BATIO OP SEED HEADS TO WEiaHT OF CANE, RATIO OF CLEAN- 
INGS FEOM BLOWES, AND QUANTITY OF CLEAN CANE CmPS PER CELL. 



Weight of cane taken pounds . . 118, 480 

Weight of seed tops « ,do. , . , 21, 875 

Weight of cleanings. .do, . . . 7, 680 

Weight of clean cane chips do 89, Q25 

Weight of each ceir full of clean chips .do 1, 894 

Seed heads to total weight of cane. i per cent. . 18. 47 

Cleanings total weight of cane. . do. . . . 6. 40 

Clean chips on total weight of cane do. . . . 75. 13 



The cane used in the above experiments was stripped in the field. 
The cleanings" comprised the blades not removed and sheaths/ fee, . 
blown out by the fanning-machine. Much of these impurities was 
not removed. The sugar obtained was of a fair marketable kind and^^ 
found a ready sale. The molasses was of a dark color and a poor 
quality. 

The weight of masse-cuite was determined on a portion of the prod- 
uct by Mr. Swenson. He placed it at a mean of 12 per cent, of the: 
weight of the chips entering the battery. The weight of melada 
obtained from the 2,322 tons was therefore 5573280 pounds, or 46,440 
gallons^ 

At the present writing (ISTovember 15) all of the sugar has not been 
swung out, but the product will be about 50,000 pounds. This is in- 
deed a discouraging yield/ and quite in contrast with the phenomenal 
quantity obtained from sugar-cane from Louisiana, to be mentioned 
further along. If a proper crystallizing room had been provided by 
the company the yield of sugar would have been much larger. On 
November 2 the different pa the crystallizing room were found 
to be of the following temperatures : 

Degrees F 



Northeast corner. , . . . = o 84 

North center. „ . ^ M 

Three feet above floor, under north steam drum. _ 72 

Northwest corner . , , 76 

In upper layer of snup in wagon, under south steam drum . 105, 8 

Bottom of same wagon. 77 

South center. . . . ........ = o ...... . . . ....... 79 

Southwest corner^ over office. ... , 79 

Between steam drums , . « .'. , , 80. 1 

Temperature of air outside in shade. .« 64. 4 



At sncli a low temperature a masse-cuite poor in sucrose and boiled 
to string proof cannot cry>stallize to advantage. 

Before beginning tbe experiments with sugar-cane about to be de- 
scribed I obtained permission of the company to provide a special liot- 
room. With such material and with such unfavorable conditions of 
crystallization the yield of over 20 pounds of sugar per ton is a con- 
vincing proof of the efficiency of the process employed. 
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0ISPOSITIOK OF THE EXHAUSTED CHIPS. 

The problem of the disposition of the exliansted chips is one of 
great importance. By the failure of the machinery which was de- 
signed to remove the chips to a considerable distance from the build- 
ing the chips had to be taken away by scrapers. When it is remem- 
bered that these chips have slightly increased in weight in passing 
through the battery the great expense of this proceeding is at once 
appareiit/^^ : / - - ■ " : V 

The percentage of water in the discharged chips was found to be as 
follows: 



Number. 


Per ^ 
ceiit. 


Number. 


Per 

cent. 


1...... ............. 


84. 89 
86. 73 
87.54 
86.41 

m.m 

90.43 




89.68 
88,87 
88. 94 
88. 86. 




8........................... 




9...........:.......... 






Mean ......... — ... 


88. 10 



Since tlie mean of former experiments shows that sorghum contains 
about 11 per cent, fiber and matters insoluble in water, the composi- 
tion of the waste ohipSj as indicated by the aboye determination, is: 

Per cent- 
Fiber . . . . ..... . . .... . . . . ; . . . . . . . ...... . . ... . . . , 11. 00 

Water.... 88.10 

Other substances. . 90 

Total..............................,.......................,./..... m 

After passing the waste chips through the mill they had the f ol- 
io wing percentage of water: 



Number. 


Percent, 


1...;.... 


66.B7 


S........ 


63.74 


3........ 


63.06 


4... ..... 


67.73 


Mean . .. 


65,28 



At 70 per cent, extraction the bagasse therefore contains 1 part of 
fibey to 2 of water. By a short preliminary drying this bagasse would 
readily burn. At any rate, it presses so readily, requiring so little 
power, that in my opinion it would be a matter of economy to pass it 
through a three-roll mill. 

The percentage of extraGtion obtained with the spent chips in 
small experimental mill will be seen by the following numbers: 
- The first column represents the per cents, calculated from weigh- 
ing the bagasse and the second from weighing the expressed water: 



Number, 


From bagasse. 


From water. 




Per cent. 


Per cent. 


1.......... 


73, 06 


70. 65 


2 


72. 16 


68.31 


3. 


80. 00 


64.35 


4.......... 


72.80 


69.80 


5.......... 


70.80 


65.83 


Mean . ... . 


78.78 


69.17 
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Since it is difficult to accurately collect and weigh the fine bagasse 
which.; the spent chips afford/the mean of the second coliimn will be 
found to represent more accnrately^he real extraction. It is certain 
that with a good three-roll mill each 100 pounds of the spent chips 
can be reduced to 30 pounds^ one-third of which is combustible mate- 
rial. Even if no attempt is made to use the bagasse as a f uel^ the pres- 
sure is to be recommended on the score of economy. There appears 
:ta be no difficulty whatever in passing the chips through a three-roll - 
mill, and their soft and pulpy state renders the pressure exceedingly 
-■ easy. - Z^- 

Further reference to this point will be made in that part of the re- 
port disvoted to sugar-cane. 

MOWFICATION OF THE PBOCESS OF CAEBON ATATION. 

In order to avoid the discoloration of the sirup, which is the chief 
objection to carbonatation^ the following modification of the process 
was adopited: 

The juice used was obtained from sugar cane sent from Fort Scott 
to Washington, and the experiments were made after my return from 
Kansas, 

^ To the cane Juiee was added 1 per ncent. of its weight of freshly burned 
lime, and the oarbonatation was continued until the juice was almost 
neutraL After raising to the boiling point to decompose suero-carbon- 
ates the juice was filtered, and then enough phosphoric acid added to 
precipitate the lime remaining in solution. ; 

Since a slight excess of the acid will redissolve the precipitate and 
form acid phosphate, sodium phosphate was substituted for the phos- 
phoric acid. 

Much of the red color of the carbonatated juice was discharged by 
this process. After the precipitation was complete the juice was 
again boiled andfiltered. Itwas then bleached witlf sulphurous acid 
and evaporated to B. 

In every instance the sirup made in this way was very light in color, 
perfectly transparent, and of the finest flavor. So pure was it, indeed, 
that it was found unnecessary to use any acetate of lead or any other 
defecating material to prepare this sirup for jpolarization. The quan- . 
tity of phosphate of soda required to precipitate the lime in 5 liters of 
juice (11 pounds) was 100 cubic centimeters of a 10 percent, solution. 
Therefore 10 grams of the sodium phosphate are sufficient for 5,000 
grams of juice. About 4 pounds of sodium phosphate or 3 pounds of 
phosphoric acid would be sufficient for working a ton of cane. 

The whole cost of treating cane juices with phosphoric acid or sodium 
phosphate will not be over 15 cents per ton of cane. The phosphoric 
acid, however, is not lost. It will reappear in the press cakes, having 
lost only half its value. Hence the actual cost of using this method of 
removing the lime is not probably over half of the estimate given above, 

I made every effort to get phosphoric acid at Fort Scott, but could 
not succeed in time. 

T believe the modification of the process here suggested will make 
a noted improvement in the molasses over any other procedure now 
in use. 

GENERAL CONCLUSIONS. 

In a general review of the work, the most important point sug- 
gested is the absolute failure of the experiments to demonstrate the 
commercial practicability of manufacturing sorghum sugar. The 
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canses of tMs failiire have been pointed oiit^^^^ tlie preceding pages, 
and it will only be necessary liere to recapitulate tliem. They were : 

(1) Defective macbinery for ciitting tne canes and for elevating 
and cleaning tlie cMps and for remoYing the exhausted cMps. 

(2) The deterioration of the cane, due to much of it becoming over- 
ripe^ but chiefly to the fact that much time would generally elapse 
after the canes were cut before they reached the diffusion battery; 
The heavy frost which came the 1st of October also injured the cane 
somewhat, but not until ten days or two weeks after it occurred. 

(3) The deteriorated cane caused a considerable inversion of the 
Buerose in the battery, an inversion which was inci-eased by the delay 
in furnishing chips, thus causing the chips in the battery to remain 
exposed under pressure for a much longer time than was necessary. 
The mean time required for diffusing one cell was twenty-one minutes^ 
three times as long as it should have been. 

(4) The process of carbonatation^ as employed/secured a maximum 
yield of sugar^ but failed to make a molasses which was marketable. 
This trouble arose from the small quantity of lime remaining in the 
filtered juices^, causing a blackening of the sirup on concentration, 
and the failure of the cleaning apparatus to properly prepare the 
chips for diffusion. 

A modification of the process, which will prevent this trouble^ has 
already been explained; but, although an earnest attempt was made 
to introduce this method, it was found impoBsible to accomplish it 
"before the end of the season/ 

In the preceding report I have endeavored to lay before you all the 
facts noted in the recent experiments- If I have not interpreted them 
correctly, I have at least given the data for a correct interpretation, i 

I should, indeed, be glad to leave this industry in a more promising 
condition; All admit that the process of diffusion has been suecess- 
fully worked ou^ and to this opinion I subscribe, with the reservation 
that a proper mechanical method for distributing over the chips a 
substance to prevent inversion of the sucrose has not yet been dis- 
covered. 

Honest differences of opinion still exist in respect of the best 
method of treating the diffusion juices, but it has been shown at Rio 
Grando that the diffusion juice from clean cane can be worked with- 
out any purification whatever. 

Whether this purification is to be accomplished by carbonatation, 
filtering with brown coal, or in some other way, can easily be decided 
without menacing the future of the sorghum industry. 

The problem of successfully cutting and cleaning the canes does not 
appear to me to be incapable of solution. It should have been solved 
the first thing, without leaving it for the last. 

Last of all, the chief thing to be accomplished is the production of a 
sorghum plantcontaining a reasonably constant percentage of crystal- 
lizable sugar. : 

I cannot emphasize this: point better tlian by quoting from some of 
my previous reports. In Bulletin No. 3, pp. 107,108, the following 
words are found: 

IMPROVEMENT BY SEED SELECTION, 

l am f uUy convinced that the Government should undertake the experiments which 
have in view the increase of the ratio of sucrose to the other substances in the juice. 
These experiments, to be valuable, must continue under proper scientific direction for 
a number of years. The cost wiU be so^eat that a private citizen will hardly be 
wilUng to undertake the 
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The Mstory of the improvement in the sugar beet should be sufficient to encourage 
all similar efforts with sorghum. 

The original f orage beet, f rpm which the sugar beet has been developed, contained 
only 5 or 6 per cent, of sucrose. The sugar beet will now average 10 per cent, of 
sucrose. It seems to me that a few years of careful selection may secure a similar 
improvement in sorghum. 

It would be a long step toward the solution of the problem to secure a sorghum that 
would average, field with field, 12 per cent, sucrose and only 2 per cent, of other 
sugars, and with such cane the great difficulty would be to make sirup and not sugar. 
Ihose varieties and individuals of each variety of eane which show the best analyti- 
cal results should be carefully selected for seed, and this selection continued until 
accidental variations become hereditary qualities in harmony with the well-known 
principles of descent. 

If these experiments in selection could be made in different parts of the country ^ 
and especially by the various agricultural stations and colleges, they would have ad- 
ditional value and force; In a country whose soil and climate are as diversified as 
in this results obtained in one locality are not always reliable for another. 

If some unity of action could in this way be established among those engaged in 
agricultural research, much time and labor would be saved and more valuable re- 
sults be obtained. 

In Bnlletin ^ the following conclusions: 

A careful study of the foregoing data will not fail to convince every candid in- 
vestigator that the manufacture of sugar from sorghum has not yet proved finan- 
cially successful. 

The men who have put their money in these enterprises seem likely to lose it, and 
intending investors will carefully consider the facts herein set forth before making 
final arrangements. The expectations of the earlier advocates of the industry have 
not been met, and the predictions of enthusiastic prophets have not been verified. 
It would be unwise and unjust to conceal the facts that the future of the sorghum- 
sugar industry is somewhat doubtful. The unsatisfactory condition is due to many 
causes. In the first place, the difficulties inherent in the plant itself have been con- 
stantly undervalued. The success of the industry has been based on the belief of the 
production of sorghum with hi^h percentages of sucrose and small amount of re- 
ducing sugar and other impurities. 

But the universal experience of practical manufacturers shows that the average 
constitution of the sorghum cane is far inferior to that just indicated. Taking the 
mean of several seasons as a sure basis of oomputation, it can now be said that the 
juices of sorghum as they come from the mill do not contain over 10 per cent, of 
sucrose, while the percentage of otlier solids in solution is at least 4. 

It is needless to say to a practical sugar-maker that the working of such a juice is 
one of extreme difficulty, and the output of sugar necessarily smaU, 

The working of sorghum juices will be found'as difficult as those of beets, and true ^ 
success cannot be hoped for until the processes used for the one are as complete and 
scientific as for the other. It is not meant by this that the processes and machinery 
are to be identical. 

The chemical as well as mechanical treatment of the two kinds of juice wiU doubt- 
less differ in many respects. And this leads to the consideration of the third diffi- 
culty, vis, the chemical treatment of sorghum juice. It has taken nearly three-quar- 
ters of a century to develop the chemistry of the beet-sugar process, and even now 
the progress in this direction is great. The chemistry of the sorghum-sugar process 
is scarcely yet a science. It is only an imitation of what has been done in other 
fields of work. Sorghum will have to develop a chemistry of its ownV This wiU 
not be the work of a day or a year, but it vviU be accomplished sooner or later. 

Careful study of climate and soil^ joined with experience, will gradually locate 
those areas most favorable to the growth of this plant and its manufacture. 

Tills is an all-important point in the problem, and is now occupying seriously the 
attention of the thoughtful advocates of the sorghum-sugar industry. One thing is 
already clear, 1 e., that the area of successful sorghum culture is not nearly so ex- 
tensive as it was thought to be a few years ago. I would urge a further investiga- 
tion in this durection as a work pecuharly within the province of the Department 
and one which would prove of immense benefit to the country. Five milHon acres of 
land, suitable to the purpose, will produce all the sugar required for this country for 
several years to come. It is therefore certain that the sugar industrv will be con- 
fined to the most favorable localities. If a thorough, scientific study of all the soil 
and climatic conditions does not point out tliis region, bitter experience and the loss 
of hundreds of milhons of dollars will gradually fix its boundaries. Last of all, the 
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sorglium industry has STiffered from the general depression which has been felt by 
the sugar industry of the entire world. Low prices have caused loss where every 
other condition has been f avorable. It is hardly probable that the price of sugar will 
rise again to its maximum of the years past. Only war, pestilence, or disaster 
would produce this elf ect.^ It is best, therefore,: for the sugar-grower to accept the 
present price as final and make his arrangements accordingly. But low prices will 
produce increased consumption, and thus, even with a smaller profit, the sugar- 
/>Tower, by increased production, may find his business reasonably remunerative, if 
riot as enriching as before. The sorghum-sugar gTower will be injured or benefited 
with the growers of other kinds of sugar by these economic forces. Hence there 
should be no enmity between the grower of the sorghum, the sugar-beet, and the 
sugar cane, but all should work in harmony for the general good. 

it is true the present outlook is discouraging. But discouragement is not defeat. 
The time has now come for solid, energetic work. Science and practice must join 
improved agriculture, and all together can accomplish what neither alone would 
ever be able to achieve. It is not wise to promise too much, but this Division would 
fall short of its duty were it either to sui>press the discouraging reports of this in- 
dustry or fail to recognize the possibility of its success. The future depends on the 
persistence and wisdom of the advocates of sorghum. The problem they have to 
solve is a most difficult one, but its solution is not impos^^^ 

It must be confessed finally that the chief object of this last series 
of experiments, viz, to place the. industry where private capital would 
see^its wa^^^ over a large area, has notbeen at- 

tained. 

It is now seen that milch of what has been done is useless, and were 

the work to be gone over again these necessary mistakes of a first 
attempt would be avoided. Time, labor, and money could be saved. 

What eh^ is just is offered to those who are willing to 

take up this work here and extend it. 

The great difficulties in the way of extracting the sugar from the 
cane have been removed. The fact that sorghum, in certain circum- 
stahces, becomes a fine-sugar producing plant has been incontestably 
estabiished. A suitable soil and climate have been found for grow- 
ing the crop and manufacturing the sugar. Remaining diflculties 
in the way of success have been f airly and candidly pointed out. 

Since the present appropriation was made for continuing and con- 
cluding these experiments, " !- consider that my connection with the 
development of the industry has ended. I leave the work with only 
one regret, and that is that the future of the sorghum-sugar industry 
is still in doubt. 

: EXPEBIMENTS^^W 

Oil the 1st of October I received instructions from you to purchase 
a few tons of sugar cane in Lou.isiana a,nd make some experiments 
with it at Fort Scott. 

The cane was cut early in the season, yiz, October 25 to 30, and was 
brought as quickly as possible to the factory. 

: , - CIJTTiNG-MAOHINE. ; -\ 

The cutters which worked so poorly with sorghum did well with 
sugar cane, and no trouble whatever was experienced in producing 
chips -suitable to diffusion and at the rate of 6 tons per hour. 

£)HIP-ELEVATOR. 

The same trouble was experienced with the elevator that we had 
had to contend with so long with sorghum, and to an increased ex- 
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tent. Tlie eMps being heavier than sorghnm easily overweighted 
the elevator ana caused it to clog. Gonsiderahle delay was caused by 
these annoyances. - - 

THE MFFXrSION, 

It was found at once that the temperature "used for the diffusion of 
sorghnrn, viz, 70'' C./ was entirely too low to effect the extraction of 
sugar from sugar cane. 

The temperature was gradually raised to 90° 0. before a satis- 
factory extraction w^as obtained. The chips lying closer together 
in the cell caused the circulation of the liquid in the battery to take 

§ lace more slowly. It was clearly evident that the pressure afforded 
y the feed-tank of the battery, viz, two-thirds of an atmosphere, is 
not great enough to work a oattery rapidly when twelve cells are 
underpressure. . 

On November 6, all the cane having arrived and a preliminary, 
trial having been made, the second trial was made. The experience 
of the ffrst attempt ha^^ shown how the great loss of sugar in tha 
chips, especially in the beginning, might be avoided. The second 
run was, therefore, made with an initial temjperature of nearly 90° 
C, The quantity of juice withdrawn at each time was also increased 
by 100 liters. - 

Weight of cane used.— The weight of cane used in the second trial 
was 83, 25 tons, ; 

ANALYSES OF THE CANES. 

The samples of chips were taken as described before: 





Total 
solids. 


Sucrose. 


Glucose. 


Second sample. , . . . . .". . . . . . . 


Per cent. 
15.06: 

- 14.68 
14. 93 
13.47 
14.59 
13.55 


Per cent. 
11. 30 

- 10. S6 
10.46 
10.43 
10.62 
,10.05 


Percent. 
1.80 
1.62 
1.66 
1.89 
1.88 
1.75 


14.38 


10.63 


1.78. 



; ^ /" ANALYSIS: OF DlFFU-SrON JUICES. 

The samples were taken as before described: 





Total 
solids. 


Sucrose. 


Glucose. 


Firsfc samtDle . 

Sisrth sample.. 

- Means . . ... ....... ... ; 


Percent. 
10.11 
10.15 
10. 08 
10. 05 
9.83 
8.96 


Per cent. 
7, H3 

7. 05 
7. 15 
6. 96 
.7.03 
6. 55 


Percent. 
1.18 
1.20 
1.17 
1.29 
1.29 
1.22 


9.86 


7. 16 


1.23 
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EXHAUSTED CHIPS, 

THe samples were taken as described in the preliminary trial : 





Total 
solids. 


Sucrose. 


Glucose. 


First sample ..... . ... . . ..... . . . 

Secdiid sample . ... . .... 

Tliird sample 

Fourth sample ................ 

Fifth sample . . . . . . 


Percent. 
1.56 

: 1.21 
1.11 
1.11 
1.06 
. " .77 


Percent, 
.50 
.88 
.38 
.37 
.43 
V .18 


Percent, 
.13 
.0? 
.10 

.09 
.10 
-.05 


Means .....i... 


1.14 


.37 


,09 



CARBONATATED JUICES. 

Tlie samples were taken in sucli a way as to represent the same 
body pi jnice aGrresponding to the same nnmbered samples of difiii- 
^ion juice.: Each carbonatation tank held three charges of diffusion 
juice. Jl measured sample after carbonatation was taken from each 
series of four tanks. ■ 





Total - 
solids. 


Sucrose. 


Glucose. 


First sample 

Second sample. . . . . . 

Fourth sample. 

Fifth sample. . . * . ... ........... 

Sixth sample ..... . . . * . . . .... , , , 

Means. .... . ..\ . . .... . ... . . 


Per cent. 
10.11 
10.25 
10.14 
9.73 
9.72 
9.65 


Per cent. 
7.27 

: 7.91 
7.85 
7.00 
7.10 
6.60 


Per cent. 
1.09 
1.14 
l.ll 
l.Si: 
1.22 
1.12 


9, 93 


7.17 


.1.15 



SULPHUREI) JUICES; 



: of sulphured juice were taken in a way to represent 

as nearly as possible the same body of juice as indicated by the cor- 
resiDonding numbers under carbonatated juice.. Since, however, the 
jmces after carbonatation had to fall into a receiving tank before be- 
ing sent to the filter-presses, some mixing of the diSerent bodies of 
juice was uhavoidable. - : 

Thus the analyses below are not strictly comparable with the same 
numbers under diffusion: and carbonatated juices: 





Total 
solids. 


Sucrose. 


Glucose. 




Percent. 


Per cent. 


Per cent. 




9. as 


- 7.68 


1.09 




11.19 


8.09 


1. 14 


' 10.35 


7.3{> 


- i.sa 


Fourth sample. . . . , . ... . . . . . . . 


- - 0. 89 


7.02 


i.ys 


Fifth sample. ...... . . . . . . . . .v. . 


10.15 


6. 93 


1.28 




9.34 


6.44 


1.17 


Means. . , . . . ... . . ... . , . . . . . 


10.12 


7.18 


1.20 
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; , ~ SEMI-SIRUPS.. -/\ 

The semi-sirup from the jniees was put in two tanl^s. Samijles 
were taken from each tank: 





Total 

solids. 


Sucrose. 


Glucose. 




Percent. 
43.9 
41.9 


Per cent. 
32.0 
30.8 


Per cent. 
5.95 
6.4a 



The first sample represents the first third of the run^ and the seq- 
ond-sample the second two-thirds. ^ 

FIRST SUGARS MADE. 

The masse-cuite stood in cars two days. 



On drying it yielded. pounds. . 11. 185 

The yield of seeonds" was .... do. . . . '805 



Total weight produced .do 11, 990 



Siigar per ton, . . . . .... , .do 144 

Sugar to weight of cane per cent . . 7. 3 

PERCENTAGE TOTAL SUGAR OBTAINED. 

Per cent. 

The juice contained 10. 63 

And'the cane 9. 56 

Percentage sucrose obtained 75.^ 



COMPOSITION OF THE FIRST SUGARS. 

The sample was taken from each barrel as it wa^ filled. The samples 
were air mixed well together and placed in a tight bottle^ which Avas 
not opened until the sample for analysis was taken. It is therefore 
as fair a sample of the product made as could possibly be obtained. 



It gave of— 

Percent. 

Moisture. . 73 

Ash . . . .... ....... . . . . ... . .... . .14 

Glucose . . ...... . . ,52 

lihdetermihed .61 

Sucrose.... 98.00 - 

Compare this result with the work on Magnolia plantation last 
y(3ar/as found in Bulletin No. 11, p. 26; 

Pounds. 

Weight first sugars per ton 119 

Weight second sugars per ton 29. 75 



Total first and second 148. 75 

Per cent. 

Percentage obtained 7. 44 

Sucrose in juice 12. 11 

Sucrose in cane 10. 90 

Percentage obtained 68, 8 

Sucrose in cane at Magnolia 10. 00 

Sucrose in cane at Fort Scott 0. 56 



Difference ....>. - 1. S4 

^il AG— '8G 
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The increase iii tlio yield per ton at Magnolia, had the cane been 
worked by ditlusion, wonld have been, therefore, 26.8 pounds. 

The yield of seconds at Fort Scott was surprisingly low. The mo- 
lasses as it came from the centrifugals was full of crystals. About 
one-third its volume of warm water was added to this molasses and 
the crystals all dissolved before boiling. This may have diminished 
the yield. 

The ''thirds have been placed in cars and set away until next fall. 
The ''thirds'^ fill 5 wagons, each containing 23 cubic feet, or in all 
125 cubic feet, Vv^eigliing approximately 10,000 pounds. Of this 
amount, 6,180 pounds are from the second run. 

Pounds. 

The total product therefore is sugar 11, 990 

Thirds, masse-cuite 6, 189 

Total 18,179 



Or 218.3 pounds iier ton of cane worked. This is nearly 11 per cent, 
of the weight of cane used. 

But calculated on the original masse-cuite, which filled 9 cars, there 
would have been 9 x 23 = 207 cubic feet, or 18,837 pounds = 226 pounds 
per ton, or 11.3 per cent. 

But the method of reckoning the increased production which has 
just been used is not a fair one, since it rests on the assumption that 
the sucrose in each case is equally available. But a moment's con- 
sideration will show that this is not the case. 

The ter^n available sugar" is not a precise one. It may have 
many interi^retations. In France, for instance, the rendement is cal- 
culated by ^deducting from the total sucrose twice the glucose and 
from three to five times the ash. This is a good rule for beet sugar, 
but in cane juice the ash, being mostly calcium salts, is far less me- 
lassigenic than that of the beet juice, made up chiefly of potassium 
compounds. 

Another method of calculating ' ' available sugar " is to diminish the 
percentage of sucrose by the difference between it and all the other 
solids in solution. This method is apt, however, to give results too 
low. In this uncertainty the term ''available sugar" should always 
be accompanied by an explanation of the manner of making the cal- 
culation. 

The yield of sugar obtained at Fort Scott being the highest ever 
got from sugar cane may be taken as the true amount of "available 
sugar" until some better yields are reported. 

Notice for a moment the relation of this yield to the respective 
quantities of sucrose and glucose present: 

Per cent. 



Sucrose in juice 10. 62 

Sucrose in cane 9. 56 

Yield of sucrose 7.20 

Difference between sucrose in cane and yield , 2. 36 

Glucose in juice * 1 • 78 

Glucose in cane 1. 60 



Ratio of percentage of glucose to percentage of sucrose lost 1.5 nearly. 

It appears, therefore, that the rational way to calculate ^'available 
sugar" when the quantities of sucrose and glucose in the canes are 
known is to diminish the percentage of sucrose by one and a half 
times the glucose. 
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Applying this metliod we have the f oUowiiig restilts : 

AT FORT SaOTT. 



Sucrose in cane . . , . . . . .. . ; .". .... ... . ... , ^ .. . . ., ..... . .per cent. . 9.56 

One and a half times glucose in cane . * do ... . 2. 40 



Theoretical available sugar, ...... . ... .... ..>...*. .do. . . 7. 16 

Pounds per ton . . ... .... ........ . . . . . . . , . . — . ... * 148* 3 ; 

Pounds per ton obtained — ....... . . . . .... . . . .■ 144 

AT MAGNOLIA. . . . " " . ^^ 

Sucrose in cane . ..>...,».... .... .per cent. . 10. 90- 

One and a half times glucose in cane do> . . . 1. 38 

Theoretical available sugar. .... . . . . . . ... . . * . . . .do. ... 9. 52 

Pounds per ton . . . .^ . . 194.4 

Pounds per ton obtained..... ... 148.75 



Diffi erenee . . » . .> « . . * . * . . . . . . ... . . . . , .pounds. . 41. 65 

This shows in the most convincing manner that by the process of 
diffusion and carbonatation the yield of sugar from sugar cane can he 
increased fully 30 per cent, over the best milling and subsequent treat- 
ment of the juice which has ever been practiced in this or any other 
country. / ' V 

If this be true of the best miliingj it is easy to estimate the increase 
over the average milling of Louisiana. It is not extravagant to sup- 
pose that this increase will be fully 40 per cent. 

.Bu.t the problem may also be approached in another way. It has : 
just been shown what the product would have been had the Fort 
Scott process been applied at jiagnolia. It may- now be asked, 

Yfhat would have been the yield had the Magnolia process been ap- 
plied at Fort Scott?" : 

The process used at Magiiolia produced 148.75 pounds sugar from 
can© in which the available sugar was 190.4t pounds. The percent- 
age of available sugar obtained was 

148.75 X 100 -r 190,4 78.1 percent. 

The available sugar in the cane at Fort Scott w^as 7.16 per cent. 
Multiply this by . 78 and the product, o.dS, will be the yield of sugar 
which the Magnolia process vfould have given at Fort Scott^ or 111.6 
pou.iids per ton. Deduct this from the quantity obtained, and the re- 
mainder will represent the increased yields vies, 32.4 pounds. Thus, 
in whatever way the calculation is made^ it is seen that the processes 
of diffusion and carbonatation give a largely incteased yieM. 

Another important question which arises is this^ "Does this in- 
Greased yield come wholly from the increased extraction/ or is it 
partly due to the method of purifying the juice?" I will try to give 
a rational answer to this question ^ based on the data of the analyses 
and the respective give^ 

The percentage of extraction at Magnolia was 78. Reckoning the 
jiiice at 90 per cent. , the loss in juice was 12 per cent. The percent- 
age of juice^ and coiisequently of sugar extracted, was 86.6 per cent. 
The mean loss of sugar in the chips at Fort Scott was .38 per cent, j 
and the quantity of sugar present was 9.56. The percentage of ex- 
traction was therefore 96 per cent. The gain in extraction by dif- 
fusion is therefore 9.4 per cent. It is thus evident that the large gain 
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in yield, as established at Fort Scott, cannot be due wholly to the 
increased extraction of the sugar. It must therefore be largely duo 
to the processes of depuration employed. 

The process of carbonatation tends to increase the yield of sugar 
in three wajrs : 

(1) It diminishes the content of glucose. This diminution is small 
when the cold carbonatation as practiced at Fort Scott is used; yet, 
to at least once and a half its extent, it increases the yield of crystal- 
lized sugar. 

{2) By the careful use of the process of carbonatation there is 
scarcely any loss of sugar. The only place where there can be any 
loss at all is in the press cakes, and when the desucration of these is 
properly attended to the total loss is trifling. The wasteful process 
of skimming" is entirely abolished, and the increased yield is due 
to no mean extent to this truly economical proceeding. 

(3) In addition to the two causes of increase already noted, and 
which are not sufficient to produce the large rendement obtained, 
must be mentioned a third, the action of the excess of lime and its 
precipitation by carbonic acid on the substances in the juice, which 
are truly melassigenic. Fully half of the total increase which the 
experiments have demonstrated is due to this cause. It is true the 
coefficient of purity of the juice does not seem to be much affected by 
the process, but it is evident that the treatment to which the juice is 
subjected increases in a marked degree the ability of the sugar to 
crystallize. . This fact is most abundantly illustrated by the results 
obtained. 

Not only this, but it is also evident that the proportion of first 
sugars to all others is largely increased by this metnod. This is a 
fact which may prove of considerable economic importance. 

It thus appears that the yield of sugar would be greatly increased 
by the application of carbonatation to mill juices. Since a complete 
carbonatation outfit can be erected for about $4,000, it would be well 
if some planter or syndicate of planters should give the process a 
trial. 

These facts are worthy of closer consideration, inasmuch as the 
process of carbonatation has been fiercely a*nd maliciously assailed as 
one which destroys both sugar and molasses. 

WEIGHT OF DIFFUSION JUICE COMPARED WITH WEIGHT OF CANE 

WORKED. 

Number of cells filled, 83. 

Weight chips in each cell = 83.25 -f- 83 = 1.003 tons = 2,006 pounds. 
, Weight juice drawn from each cell of chips, 1,100 liters. Specific 
gravity 1.04=2,516.8 pounds. 

The weight of normal juice in 2,006 pounds of cane is 1,805 
pounds. The additional weight of water added by diffusion is 711.8 
pounds. 

The percentage of increase over normal juice 711.8 x 100 -r- =39.4 
per cent. This increase represents what is often called the ' ' dilution " 
of the juice. The quantity of water to be evaporated to produce a 
given quantity of sugar is therefore 39.4 per cent, greater for such 
a diffusion than for a normal mill juice. In practice this amount 
could easily be reduced to 25 per cent. 
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COMPOSITION OF PRESS CAKE. 



The defecation and filtration of tlie jnice from 83.25 tons of cane 
gaTC 197 press cakes. 

The mean weig-lit of these cakes was 24 pounds each, and the total 
weight 4,728 ponnds. A sample of the cake taken directly from the 
press and dried contained of moisture 45.37 per cent. The total 
weight of dry matter obtained in the press cakes was, therefore, 
2^582.9 pounds. 

Analysis-of the dried cake gave the following results : 



Percent^ 

Albuminoids . , , . . 9.585 

Sucrose . . . . ... . ... . ... ............ . . . , . , Trace. 

Glucose . . Trace. 

Other organic matter. ............. . . ....... ..... ............. 17.45 



QUANTITY OF LIME MJSED. 

As is seen under sorghum experiments, it required 1.5 per cent, 
lime to produce a good filtration. - - 

I felt sure that the juice from the sugar cane would noc require as 
great a qu^antity. At the preliminary trial 1 per cent, of lime was 
tised^ and the cakes formed were perfect, firm, and hard. 

In the second run only . 75 j^er cent, of lime was used, and the cakes 
were equally as good. There is little occasion for using less lime than 
this, for with this quantity the carbonatations were easily finished in 
fifteen to twenty minutes. 

COEFFICIENT OF PURITY IN SECOND TRIAL. 

Per cent^ 



Of the mill juices the coefficient was. . 73. 8 

Of the diifusioii juices tJie coeiiicient was. 7S.-6 

Of the carbonatated juices the coefficjent was. . > - 72. 3 

Of the sulphured juices the; coefricient was. 70. 9 

Of the first semi-sirup the coefFicient was . ................. ^ 74. 6 

Of the second semi-sirup the coefncient was ; . . ..... ... ; 73. 5 



In both trials it \yas seen that the coefficient of purity was increased 
during the process of evaporation. This was doubtless caused by the 
precipitation of some of the lime salts held iii solution by the juices. 

DIFFIGULTIES ENCOUN^ 

A number of: unfavorable conditions was encountered during the 
prosecution of the experiments. The water supply was from a stag- 
nant pond.- The water had been greatly imiDroved by the appHca- 
cation of lime a few days before the experiment was made^ but it 
was still blacJc and putrid, eniitting a nauseating stench. 

- WATER FROM LAKE PARKINSON, FORT SCOTT, KANS. ; 

The following table gives the results of the analysis of the sample 
of the pond water from the Parkinson Sugar Works, Fort Scott, 
Kans., taken October 13, 1886, and of a sample of Potomac water 
taken from the laboratory faucets November 19, 1886, for compari 
son. . : \ 
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Analysis of Lake Parkinson and Potomac waters^ 

[Grains per United States gallon of 231 cubic inches.] 



Found. 



Na. 
CL. 



K. 

SO3 

CaO 

MgO 

SiOa 

Fe^Oa+AbOa . 
Cu. 



Volatile and organic matter. , 
Probably combined as: 

NaCl 

K2SO4 

NaaCOa..: 

Na2S04 

K2CO3 

CaCOa 

MgCOs 

S1O2 

FeaOs+A 3O3 

Cu 

Volatile and organic matter. 



Total 

Total solids, by evaporation . 



3.821 
18. m 
2. 793 
2. GOl 
.G09 
.041 
20. 761 



56. 79G 
58.2^/1 



1.038 
.1C9 

. 128 
.369 
2.321 
.412 
449 
!i84 



.093 

.278 
.285 
1.796 
.458 



4.144 
. 865 
.449 
.184 



.093 



B. 552 
8. 581 



The sample of Potomac water was t^Jven after a i^eriod of long- 
continued drought, and was nnusually clear and free from all clay 
held in suspension. 

The Parkinson water contained so much organic matter, that it was 
found impossible to estimate the free and albuminoid ammonia by 
the usual process, though a dilution of 1:1000 was tried. 

The presence of copper in the water is remarkable, and probably 
exists in a state of combination with some organic acid. 

The strike-pan used was quite unsuitable for boiling to grain. Its 
base was once the bottom of a much smaller pan, and a shelf several 
inches deep had been added to support the enlarged top. All the 
large steam-coils were above this shelf, and it took eight hours to 
bring the contents of the pan above this point. We had no sugar- 
boiler, but my assistant, Mr. G. L. Spencer, took charge of the pan 
and did remarkably well. 

The sugar dried slowly in the centrifugals. These were not well 
set, and could not be run at a very high speed on account of shaking. 

It took nearly forty-eight hours with three machines to dry the 
sugar from the 83.25 tons. ' 

This difficulty in drying was due either — 

(1) To the process of diffusion ; (2) to the process of carbonatation; 
(3) to the fine grain produced in boiling; (4) or to the poor quality 
of the cane. 

Which one of these causes was most potent only future experi- 
ments will decide. I am not wise enough to place it, as has already 
been done by some premature critics, on one of them alone. 

It secrus niOvSt roasonaljle to su])pose, however, that the poor qual- 
ity of the cane and the extreme liiiOLCss of the crystals were the chief 
causes of the difficulty mentioned. The process of carbonatation has 
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been praeticed for ten years in Java on niill juices and no complaint 
lias ever been heard of difficnlty in purging the sugar. With the 
fresh ripe canes of Louisiana worked p^^^^^ as they come froin 
the iieM, and with the juice in the hands of an experienced sugar- 
boiler, I do not believe this difficulty would be encountered. 

With the iiuprov in the - process af carhonatation already 

pointed out in the discussion' of the esiDeriments vfith sorghum- even 
Better results may; be expected. _ . 

^BAGASSE. . 

The disposition of the exhausted chips is a question of great eco- 
nomic importance. Threeuses appear to be possible: (1) Forpaper- 
sto^k; (2) for manure; (3) for fueL ^ 

A good article of botn wrapping and print paper can be made*pf 
the fiber of the cane. The econoinic discussion of this use, however;, 
cto only be properly given by a paper-mak^^^ 

The value of the' bagasse for a manure is undoubtedly great. This 
problem has already been discussedvin.B No. 8, ]3age 46. ■ 

By referring to the table of anaty^ the chips it will be seen" 
that with a small hand-mill 63. 72. per cent, of water was extracted 
froni the exhausted chips; on the same mill the percentage of extrac- 
tion of the fresh chips was only 56. 31 per cent. Thus in similar con-- 
ditions the percentage of extraction with a given mill will be 7.31 per- 
cent, higher for exhausted chips than for fresh canes. A milb there- 
fore, which will give a 78 per cent, extraction with cane will give 85 
per cent, with exhausted chips. 

The exhausted chips contained 90 x:ier cent, water. Of this quantity 
G3. 72 per cent, were extracted, leaving 26.28 per cent, v^ater to 10 fiber, 

A given quantity of the bagasse, therefore, contained 72.2 ]per cent, 
water and 27; 8 per cent, fiber. A mill which woidd give 80 per cent, 
extraction with the exhausted chips would furnish a bagasse composed 
of equal parts of water and fiber, and this would iDrove a most exellent 
fuel. ; : 

The power required to drive such a mill would only be about one- 
third as great as for the sanie weight of cane. 

The attempts to dry cane chips on the presses used for beet cuttings 
have proved failures, but the experiments made at Fort Scott show 
that a properly arranged mill will solve this problem at once. 

It must be remembered, however, that even if the exhausted chips - 
be made as dry as ordinary mill bagasse, they will not afford so much 
fuel. They contain little but the fiber of the cane, while mill bagasse 
. still holds iaxge quantities of sugar, which itself is a niost excellent 
f^el. 

The loss of the bagasse as a fuel has been the principal objection to 
the introduction of diffusion into tropical sugar districts. 

It now remains to Gontinue these experiments at some favorable sta- 
tion in Louisiana. Such a station should be provided with a first- 
class double or triple elf ect and other apparatus for evaporating the 
juice and separating the sugar. 

It should also be a station purely experimental. The attempt to 
carry on experiments and manufacture a large crop of cane at the 
same time would only end in the disa-stroris manner, oconomically 
considered, of the sorghum work just concluded at Fort Scott. 

These experiments can only be successful at a station vfhere perfect 
freedom of action and plenty of time are at the director's command. 
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It is tlie proper proyiixee of the Department to demonstrate hi Loii- 
isiana iiist hoy/: much inm^ease ih sugar yield can be produced by the 
application of the methods named in the act making the appropria- 
tions. This done, and all the processes for doing it accurately pointed 
out and logically discussed, it will hot be difficult for the intelligent 
planter to determine the eeonomic A^alue of the new methods. 

To this task should be brought a careful study of the chemical prob- 
lems involved and the best aiDparatus which this country or Europe 
can afford. From this task shpiild be eliminated all prejudices for or 
against any particular process, and especially all tendency to misrep- 
resent or misinterpret facts.V ' 

At least the Department will be able in subsequent experiments to 
show the Southern sugar-raiser: whetlTOr the promises which these 
preliminary experiments have, made shall really be performed, or 
whether the practice of the process; of diffusion for sugar cane is a 
mistake and the prospects it has off ered of aiding the sugar industry 
a delusion. 

It is certain that with the fierce rivalry between the Eurox^ean beet 
and the tro]3ical cane industry, producing an enormous surplus of 
sugar and sending the prices down almost below the cost of produc- 
tion, the indigenous sugar-cane industry of this country will languish 
unless the Department of Agriculture be able to lead it into a life of 
renewed vigor. 

EXPERIMENTS IN THE 3IANUFACTUME OF SUGAR AT MAGNOLIA 
STATION, LAWRENCE, LA. 

; ; By Guilford L. Spencer. 

The manufacturing season at Magnolia commenced November 7, 
1886, and ended December 20. This completes the third season's work 
of the Department at this station. 

■ I shall give in as few words as possible a brief comparison of the 
growing seasons of the past three years. 

In 1884 the weather was fa;vora imtil the 1st of June; then 
followed a period of very wet weather, lasting until August, which 
was a very dry month. The conditions in September and October 
were favorable to the maturing of the cane. During the rolling sea- 
son heavy rains were frequent. ^ 

- - - v SEASON- OE. 1885. 

The early part of this season was excoptionally wet. From April 
1 to July 1 the rainfall was limited to but three or four showers ; in 
August and September the rains were frequent and heavy ; from Oc- 
tober imtil the end of the season the Tv eather was exceptionally dry 
mid cool, the mean temperature being considerably below that of 
18S1. In September the cane was prostrated by a heavy wind-storm. 

SEASON OP 1880. 

February, March, and April were cold and wet, consequently the 
cane obtained a late start. Mayv/as dry and cool. Juno and Jiily 
so wet that it was impossible to properly cultivate the cane. A agust 
was dry and exceedingly hot • September and through the rolling 
season the weather was very dry. The dry weather probably saved 
the cane from being blown down in the severe storm of October, 
when the lower coast of the Mississippi, near Pointe a la Haclio, was 
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so badly damaged. There was a killing freeze Nvovember 17. This 
is the earliest freeze, with one exception, noted in the plantation rec- 
ords, extending over a long period of years. Decenilier v/as cold ; ice 
formed several times. 

It may be seen from the above statements that these three seasons 
differed very materially from one another. Tha^t of 1884 might be 
considered very favorable. The tonnage was fair and the cane rich. 
In 1885 the conditions were also favoraM the exception of the 

wet weather in September and the damage by the Vvdnd-storm. The 
tonnage was large, but tlie proportion of sucrose low and the ghicose 
high. 

In Janiiary, 1886, there was a severe freeze, perhaps the most severe 
on record in' Louisiana. At the time of this freeze it was feared that 
the stubble had been damaged by the frost, but such did not prove 
to be the case. It is the custom at Magnolia to burn the trash in the 
fields soon after the caiie is all harvested. There is a general impres- 
sion among planters that this exposes the stubble to danger from 
frost. The experience of the past season demonstrates that such is 
not the case. 

The tonnage this season has been unusually small, but the cane has 
■ been a little richer in available sucrose than at any time since this 
station was established. 

In comparing the work of the sugar-house it is probably better to 
compare this season's Vv^ork with that of 1884- 85. The same grades 
of sugars were made these seasons. 

Tlie yield "per acre in 1885-1886 was 2,988 pounds of firsts second, 
and third sugars. In 1886 the yield of first and second sugars was 
1, 963 pounds. In 1886 a decrease of 6.66 tons of cane per acre resulted 
in a decrease of 1,024 pounds of sugar per acre. 

The yield of sugar per ton of cane the past season has been exceed- 
ingly satisfactory^ but nevertheless it is anticipated that a few changes 
in working of the house will niaterially increase the output of sugar. 

This season only first and second sugars were made. The firsts 
graded as -''choice off white," The yield of first sugar would have 
been larger had it been possible to boil the masse-cuite stiff er, but 
the strike-valve of tlie pan would not admit of this. 

As large a proportion of sugar as possible should be obtained in the 
firsts, not only on account of the higher price of first sugars, but be- 
caiise less siigar is left to be reboiled for lower grades, and conse- 
qiiently the loss from inversion is diminished. ■ 

IMPROVEMENTS IN THE SUGAR-HOUSE AND PLANTATION. 

Very few changes were made in the house, and those only for im- 
proving the work of machinery already in place . The tanks for skim- 
ming were provided with a better arrangement for decanting the clear 
juice. The lowest outlets from these tanks are about 2 inches above 
the bottoms. They should be provided with outlets so located that 
the tanks cou.ld be drained, effecting quite a saving in sugar at an In- 
appreciable expense. 

Perhaps the most important improvemeiit was in the work of the 
double effect. The substitution of a larger sweet- water pump enabled 
it to concentrate aU the juice and obviated the necessity of employing 
aii open pau. : 

Among other improvements in progress at Magnolia, the most im- 
portant is a bett:er system of drainage. The entire estate is being tile- 
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drained. TMs improveineiit will necessitate an expenditure of about 

Aside f rem tHe benefits to be deriyed from better drainage, there 
wiU be important advantages gained from closing the ditcbes. The 
amon.nt of tillable land will be increased abont 70 acres; the large an- 
nual expenditure for keeping the ditches and qnarter-drains open will 
be stopped; the cultivation will bo easier and less expensive^ and the 
steam-plows can be handled at a considerably better advantage. 

Should the work of the station be continued, very interesting and 
valuable data can be obtained next season. 



: ACCIDENTS TO THE MILLS. 

The mills were stopped several times on account of small pieces of 
iron gettiaig into them. Some of this iron passed through the shred- : 
der; other pieces were introduced after the cane left the shredder. It 
was evident that the iron was put into the carriers maliciously. This . 
trouble finally culminated in the breaking of the shell of one of the rolls 
of the supplemental mill. A.few changes v/ere made in the disposi- 
tion of the men detailed for work at the mills, and the work was fin- 
ished without further accident than, the breaking of three couplings. 

The average extraction, and consequently the yield of sugar, would 
have been larger had the supplemental mill not been damaged, 



THE BAGASSE-BURNER AND THE CONSUMPTION GE FUEL. 

The burner, as improved last season, worked very satisfactorily. 
The consumption of coal was reduced very considerably.. . . 

The amount of coal consumed was determined by woighing it for 
half the season and basing the total consumption on these data, The 
result was as follows: - 

Goal consumed in 21 days = 436,338 pounds, or 20,778 pounds per 
day. From the time the fires were kindled until all the work was fin- 
ished was 45 days; hence the total coal consumption was 45 x20,778 
= 935,010 pounds. The total weig of sugar made was 1,159,768 
pounds; therefore the consumption of coal per 1,000 potmds of sugar 
was 806 pounds, or 4.42 barrels. \ 
: This house could be worked almost entirely without coal if the fol- 
lowing improvements were made: 

(1) Substitute cop]3er coils for the iron ones in the clarifiers. 

(2) Introduce a condenser, em^ploying juice to condense the vapors 
from the double effect. An illustraition of such apparatus is given 
opposite page 114, Bulletin No. 5, and is termed a Calor isateur a con- 
trecourant. 

The question of economieai engines is of less importance, since the 
exhaust steam is employed for evaporation. 

COMPDSITiGN OF THE JUICE. 

The chemical work at Magnolia Station was not begun until the 
24th November. Although flie work of the sugar-house nominally 
commenced November 7, hut little cano was Tolled before the 13th, 
; The analyses, therefore, show the composition of the juice for all but 
eleven days of the- season-, in. which time 2,113 tons of cane were 
rolled. This cane yielded 8 pounds less sugar per ton than the next 
2,000 tons, consequently it is fair to presume that it contained less 
sucrose. ; - / ; 
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Table I shows tliG composition of & 

Table l.—Aitalyses of jidces. 

[When two analyses are given tlit) same date, the first was sampled \n the morning' and the second in 
- the afternoon.] 



Dato. 



. 1886. 
Noveniber 24. :, ... 

: 24........ 

So........ 

26........ 

26... 

27... 

28:... 

28........ 

29........ 

29; 

30...:.:.. 
/ 30-,.;..,.. 

December 1 

1. 

2 ........ 

2 

3........ 

a........ 

4 

4........ 

5 ........ 

6. 

6........ 

5'.,...... 



10 .... 
10.... 

11 .... 

11 . . . .. 

12 .... 
12 ... , 

13:... 

13.... 

14 .... 

14..., 

15 .... 

15 .... 

16 .... 

16 :.,. 

17-.... 
■17 .w. 
18.... 
18..,. 
19.... 



-Means. 



Maxima. 
Minima . 



9.4 
9. 

9.2 

8.6 

9.1 

8.G 

9.5 

9.5 

9.9 

9.6 

9.4 

9.2 

9.5 

9.2 

8.9 

9. 

9. 

9. 

8.6 

8.8 

8.9 

8.9 

8.6 

.8.2 

8.5 

8.8 

9. 5 

8.0 

8.9 

8.9 

9, 

8.5 
8 6 
8.5 
8.6 
8.5 
8.8 
9.1 
9. 

9. 2 
9.1 
9, 

9.2 
9. 
8.4 
8.5 



Per ct 
17 
16.3 
10. 06 
15. 55 
16.87 
15. 55 
17.31 
17.07 
17.88 
17. 33 
16.90 
16.69 
17. M 
10. 63 
16. OiX 
16.29 
16.23 

10. 1^- 

15.59 
15.78 
16. 05 

It). 16 
15,46 
, I4.7tj 
15.36 
15.89 
17.07 
15.47 
.16,11 
16,09 

16: 17 

15.39 
15.47 
15.40 
15. 57 

15: 37 

15.87 
16.73 
16. IS 
16.63 
16. 46 
16.19 
16.69 
16.29 
15. 19 
15, 39 

16.20 



9.9 



17. 88 
14.76 



1.0700 
1.0669 
1.0682 
1.0634 
1.0674 
1.0634 
1.0709 
1.0704 
1.0789 
1.0713 
1.0695 
1.0687 
1. 0709 
1.0682 
1.0656 
l.m>}9 
l.i!Kn5 
1.0665 
1.0639 
1.0647 
1.0656 
1.0060 
J. 0634 

i.om 

1 . 0030 
1.065S 
1.0704 
1.0634 

Lomo 

1.0660 
I.O660 
1.0630 
1.0634 
1.0630 
1.0639 
1.06,39 
1.0653 
1.0674 
1, 0665 
1.068,2 
1.0678 
1.0665 
1.0087 
1.0669 
1.0621 
1. 0030 



1. 0665 



Per ct, 
13.50 
12.84 
J 3. 00 

. 12. 28 
13.60 
12.00 
14. 36 
14. 21 
15. 04 
14. 54 
13. 91 
14. 21 
13. 95 
13. 97 
14. 04 
13.00 
13,76 
13.01 

12, 75 
13. 12 
13.33 

13, 90 
12. 89 
11.67 
12.88 
13.63 

14, 97 
13.19 
13.84 
13.45 
13. 70 
12. 32 
13.56 
12.91 
13. 97 
13.04 
12.92 
13. 77 
13.85 
14.87 
14.81 
13,76 
14.34 
13.60 
12.50 
12.78 



1.0739 
1.0604 



13.50 



15.(34 
11. 67 



. 61 



6 



P.ct. 


Per ct. 




. 57 


.2438 


1.80 


. 66 


.2063 


1.61 


.82 


. 06,35 


.45 


. 87 


. 1625 


1.32 


.74 


.0875 


.64 


.73 


.2,250 


1.88 


.46 


. 1500 


1.04 


.49 


.1625 


1.14 


.43 


. 1375 


.91 


.53 






. 46 
.39 


.1188 


.85 


.68 


. 1375 


.99 


.55 






.60 


.1313 


.94 


.58 


. 1250 


.96 


.69 


. 1375 


1.00 




.1500 


1.15 


".49 


.1813 


1.42 


.60 






.51 


.2063 


1.55 



. 2813 



. 1313 
.2063 
.2000 
.2000 
.1500 
.1063 
.1625 
.3000 
.2500 



.1938 
.1313 
.1563 
.1250 
.1625 
.1313 
.1625 



.3000 
.0625 



1^ 



.99 
1.49 
1.49 

. 1.46 
1.22 
.79 
1.26 
2. 31 
1.92 



1.41 
.95 

1.05 
.84 

1.18 
.91 

1.19 



2.41 
.45 



EESUMB SHOWING THE MEAN COMPOSITION OF IHE RAW JUICE FOR THE CAMPAiaN 

" ' "V " " - " OF 1886. ' . 
[Kovember 24 to December 20.] 

Total mimbea' of analyigGs. . . . . 46 

Speeiflc gravity .1 . . . , 1. 0665 

Degree Baume 9. 

Degree Brix (per cent, total solids). ... 16. 20 

Sucrose ...... . , . . ....... . .. . . ....... . , per cent. . 13. 50 

Eeducing sugara (glucose, &c.) do.. . . . .61 

Albuminoids .do. . . . . . 1669 

Albuminoids (per cent, sucrose). 1. 24 

CoeffiGient of purity. 83, 33 
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Maxima, - 

Specific gravilr^ . . . . ................ ... .... .. ......... . . .................. 1- 0^739 

Degree Baume. . . . . . . . . .. . . .. ............ ...................... ... ■ • 

DeRree Brix (per cent, total solids). . . . .. . . , . . . . v ............. ... . iv. o» 

Sucrose........... ........ ............ y..v^....... l^'^f 

Reducing sugars (glucose, &e.) ... .do. ... . . <>i 

: Albuminoids^ . . . ....... ... - . . .. . . .do,. ... .oOOO 

Albuininoids (per cent, sucrose) ............ J'-jj^ 

Coefficient of purity ^u ; . ; . . . .... v- . . v. ... ..... .............. ■ • • • • - • ^^J. 4j 

Minima, ' ' ^ 

Specific gravity ......... ... . . ....... ... . . .... . . . . .. . • . .... . • . • • v- ^-^^^^ 

Degree Baume. ..... . . . . . ... . . . - - . ... .................. * • • • • 

Degree Brix (per cent, total solids). . . ..................... . • • • ....... ij. O) 

Sucrose ^...-..-.........^•■•.•'Per^cent,. l^-^^ 

Eeducing sugars (glucose, &c.) . . . . . ........ . . . ... . . . . . . . ... . • ■_ . • do, . ... . J 

^Ibuniinoids .... .... ...............>. . . -do. .... ; -Ub^o 

Albuminoids (per cent, sucrose). . ..... . . . . . . . . . . . .... . • • • • ■ • • • ■ • • • 5^ 

: Coefficient of purity . . ....... . . ..... . . . . . . . . ..................... < < • l * 

* COMPARISON OF RAW AND CLARIFIED JUICES. --^V 

In the folloOTiig table analyses of tlie raw jnices are only given for 
those days when the clarified juices were also examined: 

[When two analyses are given the sanie date, the first \vas sampled in the morning and the^second in 

the afternoon.l 



Date. 



November 25 . 

" - - -26 . 

26 . 



. , 

29 . 
SO . 

- . V 30 . 
December 1 . 

- 1 . 

2 . 

: - -. : - 2 , 

3 . 

3 . 

. : ; , 4 . 

4 . 
9 . 

: - 10 . 
. 10 . 
. ■ - I1-. 

- - : 12 . 

: .- -■ 12 . 

13 - 
^ 13. 

14 . 

^ - 14 . 

15 - 
. 15 . 
- . 17 . 

17. 
IS. 



■ Raw juipes.: 



Means , 



9.2 
8.6 
9.1 
8.6 
9. 5 
9.5 
9.9 
9.6 
9.4 
9.2 
9.5 
9.2 
8.9 
0.0 
9. 0 
9.G 
8.6 
8.8 
9.5 



16.66 
15.55 
10.37 
15.55 
17.21 
17.07 
17. 88 
17. 33 
16.90 
16. 69 
17.14 
16.63 
16.00 
16. 39 

16. 17 
15.59 
15.78 
17.07 
15. 47 
16. U 
16.09 
15.39 
-15.47 
15.40 
15.57 
15.27 
15.87 
16.43 
16. 18 
16,19 
10.69 
16.29 

16,26 



Per ct. 
13. 90 
12.28 
13.60 
12:00 
14.36 
14. 21 
15. CH 
14.54 
13. 91 
14.31 
13.95 
13.97 
14. 04 
13.00 
13. 76 
13.01 
12.75 
13.12 
14.97 
13. 19 
13. 84 
13.45 
13.32 
13.56 
12.91 
13.97 
13.04 
12. 92 
13.74 
13.85 
13.70 
14.34 
13.60 

^13.58 



Pet 
.82 
.87 
.74 
.73 

.4a 
.49 
.43 
.53 

.40 
.39 
.68 
.55 
.60 
.58 
.69 

".49 
.60 
.72 

.48 
.45 
,46: 
.91 
. 04 
.72 
.51 
.51 
.72 
.55 
.58 
.60 



0O 



1.32 
.64 
1.88 
1.0.4 
1.14 
.91 

"^§5 

".'99" 

"^95' 

;96 

1.00 
1.15 

1.42 



Clarified juices. 



1.49 
1.49 
1.S2 

i!26' 
2.31 
1.92 



1.26 
1.18 
.91 
1. 19 

L24 



83.43 
7S. 97 
-83.03 
77. 17 
83.43 
83. 24 
84. 11 
83.90 
32.30 
85.14 
81.39 
84.00 
87.75 
79. 80 
84.78 
go. 45 
.81.78- 
83.14 
87.69 
85. 20 
85.90 
83.59 

m. 05 

87. 65 
83. 83 
83. 30 
85. 30 
81 .41 
83.62 
85. 59 
&1. 99 
85.91 
83. 48 

83. 52 



10.2 
9.9 
9.6 
9.1 
9. 3 
10.0 
10,5 
10. 1 
10,3 
9,7 
9,7 
9.7 
9.9 
9.4 
9.6 
9.7 
9.9 
9.4 
9.1 
9.5 
9. 5 
9.0 
9.5 
8. 8 
9.0 

: 9.6 
9.7 

9.4 
9. 0 
10. 5 

: 10. 1 

: 9.7 
9.4 



13.37- 
17.87 
47.34 
16.37 
17'. 79 
18.04 
18.98 
18. 19 
18.70 
17. 47 
17. 46 
17. 59 
17.87 
16.89 
17.27 
17.47 
17.79 
16. 89 
16.40 
17.07' 
17.19 
17. 39 
17. 09 
15. 87 
16.31 
17.39 
17.47 
16.<)4 
17. 33 
IS. 93 
.18.17 
17. 47- 
17.00 



Per ct. 
14.92 
14.82 
14. 38 
13.95 
14.98 
15. 17 
16.01 
15.71 
16.04 
14. 63 
14. 11 
14.59 
14.27 
14.85 
14. 56 
14.86 
14.64 
14.18 
14.20 
14.57 
15.07 
15. 15 
14.56 
13. 4S 
14.07 
15. 09 
14. 94 
14.31 
14.91 
16. 35 
15. 91 
15.;23 
"14.90 



r 



P.cf. 
.85 
.79 
.79 



82 1.01 



17,40 I. 14.80 



.61 

.50 

.68 

.53 

.61 

.46 

.M 

,42 

,46 

.55 

.43 

.71 

.49- 

.46 

,60 

. 62 

.49 

,50 

. 70 

.62 

.65 

,63 

.50 

.48 

.62 

.43 

.45 

.55 

.64 

,59 



,55 



- .87 
.83 
.86 

':m 
.79 

1.09 



81.22 . 
82,93 
82.93 
79.-H 
84.20 
84.09 
84.35 
88.37 
85.78 
83.74 
80.81. 
82.94 
79. 85 
87.92" 
84. 31 
85.06 
82. 29 
83.96 
86. 59" 
85.35 
67.67 
87.11 
85.20 
84.94- 
86. 14 
86.77 
85.52 
84.47 
_fe6. 04 " 

87. 56 
87.13 
87. 05 

84. 7G 
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The increase in the coefficient of piirity, as shown by Table II, was 
1.24. There ivas bnt little change iii the relative proportions of 
sucrose and reducing sugars. In the raw juice the average quantity 
of reducing sugars |)er cent, sucrose was 4.41; after clarification this 
proportion was reduced to 3.98. This slight reduction was probably 
due to the formation of a glucosate of lime, which was subsequently : 
decomposed, leaving the products of the decomposition in solution. 

In order to render the percentages of albuminoids more readily 
comparable they have been ex]3ressed in terms of the sucrose. To 
obtain the actual percentages of albuminoids based on the w-eight of 
the juice, multix)ly the percentage of sucrose by the number given in 
the column marked albuminoids percentage of sucrose. 

In the raw juice the albuminoids per centages sucrose were 1.24 and 
in the clarified juice. 72, showing that 58 per cent, of the total albumi- 
noids were still retained by the juice. In 1884 the processes of defe- 
cation and clarification removed 45.71 per cent, of the total abumi- 
noids; in 1885-1886, 45.01: and in 1886, 41.93. 

GOMPARISON OF RAW, CLARIFIED, AND FILTERED JUICES AND FIL- 
TERED SIRUP. 

Analyses were conducted for a period of sixteen days, to determine 
the effect of the filtration through animal charcoal on the juice. 
These analyses are given in Table III. 

Table lIL-^Comparison of raw juices, clarified juices, filtered juices^ and filtered 
simps for a j^eriod of sixteen days. 







Raw juices. 


Clarified juices. 






















i 


u 

;3 - 

& - - 


Date. 




1 


M 






O . 


S 


-hi 




&JD 
3 - 






B 


0) 

a 

a; 


?gree Br 


w 
p 

o 


bo 

- « 


)efficient 
ity. 


& 
O), 

to 

o 


<x> 

CD 


D 
eft 
O 

% 


m 
be 

'3 

3 - 


^efficient 
rity. 






Q 




m 




Q 


Q 


ft 


Xfl 






1886.- 








Per ct. 


Per ct. 








Per ct. 


Per c t . 
.85 






3 


9.3 


16.66 


13. 90 


.82 


8;]. 43 


10.2 


18. 37 


14. 92 


81.23 




4 


8.6 


15, 55 


12.28 


.87- 


78. 97 


9.9 


17.87 


14. 82 


. 79 . 


82. 93 


26 

27.......... 


5 


9.1 


16.37 


13.60 


.74 


83. OS 


9.6 


17. 34 


14. 38 


.79 


82. 93 


6 


8.6 


15. 55 


12.00 


.73 


77. 17 


9.1 


16.37 


12. 95 


.82- 


79. 11 


" ^ 28 .......... 




9.5 


17.21 


14.30 


.46 


83.43 


9.3 


17.79 


14.98 


.61 


&1.20 


2Fy 


8 


9.5 


17.07 


14. 21 


.49 


83.24 


10.0 


18.0-1 


15.17 


.50 


84.09 


20.... 


9 


9.9 


17.88 


15.04 


.43 


84. 11 


10.5 


18. 98 


16.01 


.68 


81. 35 
86. 37 


29 


10 


9.6 


17. 33 


14. 54 


.53 


8;^.90 


10.1 


18. 19 


15.71 


.53 


30..... 

: ■ ■■ 80 


11 


9.4 


16. 90 


13.91 


.46 


82.30 


10.3 


18. 70 


16.04 


.61 


85.78 


13 


9.2 


16. 69 


14. 21 


.39 


85.14 


9.7 


17. 47 


14.63 


.46 


83.74 




13 


9.5 


17. 14 


13.95 


. 68 


81.39 


9.7 


17. 46 


14.11 


.8^1 


80.81 
79.85 


2.. 


15 


8.9 


16.00 


14.04 


.60 


87.75 


9.9 


17.87 


14.27 


.46 


2 


IG 


9.0 


16.29 


13. 00 


.58 


79. 80 


9.4 


16.89 


14.85 


.55 


87. 92 


3 

4.......... 


17 


9.0 


16.2^1 


13. 70 


.69 


84.78 


9.6 




14.56 


.4:3 


84.31 


19 


8.G 


15.59 


12.75 


.49 


81.78 


9.9 


17.79 


14.64 


.49 


82. 29 


4 


20 


8.8 


15. 78 


13. 12 


.GO 


83. 14 


9.4 


16.89 


14. 18 


.46 


83. 96 






9.1 


16.52 


13.67 


.60 


82.75 


9.7 


17. 64 


14.7'6 


.62 


83.62 







: Table llL--~Coifvpa'nson of rmv juices, elarifled juices, i^c— Continiied. 







Filtered juices. 


Filtered sirups. 














PJ 
















*•© 






u 

i 










ee 




Date. _ 




- fi - 






0 








- i. 


0 


In' 

1 


1- 

m 

Ip - 
Sd 




6 
9 


h 


efficient 
ity. 


03 


«- 

Si 


crose. 


■3 


efficient 
ity. 














- 0 - - 










0 






ft 


Q 


1 




0 


S 


Q 








IbBB. 








Per ct. 


Per ct. 








Per ct. 


Per ct. 




-NoYembeP; 25 ........... 


3 


9.0 


16.17 


12.48 


.61 


77.18 


24.3 


44. 53 


36.10 


1.88 


81.0^^ 


2G . ..... . . ... 


4 


9.8 


17.67 


14.44 


.77 


82.80 


23.4 


43.79 


35. 93 


2.29 


83.97 




5 


9.3 


16, 61 


13 71 


77 


82.54 


21 7 


39 56 


33.22 


2 35 


83. 97 




6 


9." 5 


17! 10 


14.' 28 


."89 


83. 51 


22! 3 


40."70 


33. 56 


2; 61 


82.46 


28........... 


7 


9. 6 


17.33 


13.60 


.87 


78.48 


23.3 


42. 59 


34.84 


8.00 


81.80 


28........... 


8 


10.6 


19. 14 


16.19 


,60 


84.59 


22. 6 


41- 36 


33.01 


2. 19 


79.-81 


29 


9 


10.2 


18.58 


15.34 


.48 


82. 56- 


19.S 


30. 09 


26.00 


l-;67 


■ 77. 58 


29 


10 


10.7 


IV). 29 


16.24 


.55 


84. 10 


23.6 


43. 15 


36. 10 


1,96 


83,66 


30 


11 


12.3 


22. 22 


18. 52 


. 6r 


83. 35 


23.4 


42. 92 


35.75 


1.90 


83, 29 


30 ........... 


13 


10.2 


18.37 


15. 27 


.44 


83.12 


23. 7 


43.40 


36.54 


1.88 


63.96 




13 


10.7 


19.39 


15.63 


.66 


80.61 


23. 6 


48.22 


35.49 


1.67 


83. 11. 




16 


9.7 


17.47 


14.20 


.51 


81.28 


21.4 


3:). 10 


32.58 


- 1. 98 


83.32 


2. 


16 


9.4 


16.89 


14.45 


.62 


84.96 


24,8 


45. 38 


37.23 


1.65 


-82.04 


3 


17 


la 0 


19.0? 


14.95 


/ .70. 


78.40 


24.1 


44. 10 


.36.24 


. 1.70. 


84.44 


4 


19 


9.5 


17. 19 


14.56 


■ . -. 58. 


84.70 


24.3 


U. 60 . 


36.91 


. 1,48 


-■ 82.76 


4 ........... 


20 


9.1 


16.49 


14. 08 


.44 


:85.26 


20.8 


38. 00 


31.8) 


1.64 


83.68 






lo.-o 


18.06 


"14.87 


.64 


82.14 


23.0 


1 41.07 

i 


34.58 


3.00 


82.39 

- 







The results of these analyses are not surprising when we conside 
the qnality of the bone-blaclc nsed. Mr, 0. B, Stillinan, a; Boston 
refiner, examined this char, and prononneed it to be in a very bad 
condition. It weighed nearly 70 ponnds to the cubic foot. This is 
nearly , twenty jDoimds heavier than good char should- weigh. 

The decolorizing properties of this bone-black were good, but as it 
was already^ laden Mth ii^ did not improve the purit}^ of 

the juice, "but, on the contrary,- reduced it^ This was due to -the im- 
purities iii the charcoal being^redissolved. 

The sirups^ being heavier and already nearly saturated with soluble 
matter, yield their impurities more readily to the action of the bone- 
black and are improved in purity. Reference to the first report of 
this stfcition giving analyses of raw and filtered juices will show this 
same result. The charcoal in use at that time was even worse than 
last season. 

I do not believe that the benefit from the mechanical filtration and 
the decolorization will balance the damage to the juice resulting from 
the use of spent bone-Mack. " 

- - ^ ;..THE.:Fi37rER-PRESSES. 

The use of the filter-presses was continued this season with even 
greater auccess than in i885 and 1886. 

Very few analyses were made of the press calces, except to deter- 
mine loss of sucrose. However, the few analyses that were made are 
presented in tlie foUowihg table. / 
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-, Date. 


Sucrose. 


V > 1886. 


_Per cent. 




7. 40 


December 1 . 


7.2i 


December 3. 


7.34 


December 4.. ...... 


8.06 




7.51 



No record was kept in house of tlie quantity of juice recovered by 
the presses. In fact it would be quite difficul't to determine just tlie 
proportion of the juice flowing from the presses that would be lost in 
ordinary work. 

This season we found it necessary to empty one press once for every 
2^889 gallons of juice expressed by the mills. The total amonnt of 
juice was 1,2715 205 gallons, hence the number of presses of press- 
cake was 1,271,200—2,889=44:0. Tlieaverage weight of the press-cake 
per press was 330 pounds, 330x440=145,200 pounds of press-cake for 
the entire season. The amount of press-cake per ton of . cane was 
20.15 pounds. 

In the work with the experimental * press in 1384, on thoroughly 
drained blanket " scums, the yield of juice ^yas 80 per cent. The 
average skimmings and settlings after long standing and decant ation 
of the clear juice are much thinner than the blanket, and woulcl yield 
from 85 to 90 per cent, juice by filter pressing. In order to under rather 
than over estimate the work of the presses, I v/^il! base my estimates 
oil the actual yield obtained with the small experimental press. It 
may be well to state here that the work on a small scale was no better 
than with the large presses. 

On the above basis the press cake forms 20 per cent, of the total 
weight of sldmmings filtered; hence. 145,200-^20 the 
total number of pounds of skiinmings. These figures show that even 
on a low estimate, 6i per cent< of the juice is usually lost in the skim- 
mings. " ■ 

As the presses save at least 80 per cent, of this, the saving of juice 
at Magnolia this season was 580,000 pounds. 

- As I have repeatedly stated, I consider this estimate a very low 

one. I have no doubt but that caref ully conducted experiments would 
show a saving of 970,000 pounds of juice. With the filter-press ar- 
rangement at Magnolia it is impossible to keep a separate account of 
juice recovered. 

COMMERCIAL VALUE OF PRESS CAKE, 

The average value of the press cake as given in last season's f re- 
port was $10.64 per ton; the value of the nitrogen being $4.35, and 
the phosphoric acid $6. 29. 

Considering $10. 64 an average valuation, the press cake this sea- 
son would be worth 1772.46. ^ 
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. ANALYSIS OF SUGARS. 
Table V.— First sugars. 



Date. 




oucrose. 


1886. 




Per cent. 




13 


99. 0 


24 


14 


99.3 




15 


8^ 


S5: 


IS 


99! 1 




17 


99.3 


t38...... ........ ........ 


-18 


99. r> 


: S8.;....:. 


m 


98. b 


29....;................. 


20 


97:8 




21 


98.9 




22 


9n. 0 


2...... ..; 


2S 


GH. 




24 


97: 8 




25 


97,8 


6.:.......:,...: 


"20 


- 90.2 



Date. 



1880. 

December 6 . . 

9.. 

9.. 
10.. 
12.. 



Lot. 



15 . 
17 . 
17 . 
19. 
20. 
21 . 



Mean. 



Sucrose. 





Per cent. 


27 


99. 1 


S8 


98. 7 _ 


29 


98. 0 


30 


98.2 


81 


98.8 


82 


99.0 


33 


99.2 


?A 


98.7 


35 


99.2 


P6 


98.9 


87 


98. 8 


3S 


98.9 




08.78 



Table VI. — Second migara. 



Date. 


Lot. 


- j 

Sucrose, 


Date. 


Lot. . 


Sucrose. 


1886. . 


1 
2 
3 

: .4: 

5 
6 

"7 


Percent. 
90.6 
91.4 
92. G 
.85.2 
- . 88.1 
90. 5 
: 89. 2 


■"188G, ■" . 


-8 
9 

10 
11 
12 
13 


Per cent. 
89. 1 
91.3 
91.5 
91.6 
92.8 
90.8 


26............... 


10 ......... 


29.-..;................. 


15... 




19.. v.... :.v 




22. 


5........ 


22 








- 90.3 


; 1 : - 







-Tlie first sugars were "Voff white," .the. seconds -yellow, 
sugars were made. 

. ANALYSES OF MOLASSES. 

^ABij^YIl.^Anali/scs of molasses fro7n first sugars. 
[II. Molasses.]. .• 



But two 



Date. 



November 25. 



29. 
30. 

December 1 . 



.9.. 
12.. 

13; 
15.. 
17.. 
17.. 
19.. 
20.. 



Means . 



Xumber of lot. 


' B' 

rt . 

e 

0' 
<p 

Q 


(3 
Fc 

CD 


p 


- bjO 
S 


ft 


As 


Coefficient of pur- 
ity. 








Per ct. 


Per ct. 


Per c t . 


Per ct. 




10 


30. 9 


57.08 


35. 00 


- 5.88 


30. 00 


5. 15 


61,32 


17 


29. !) 


55. 20 


35.';0 


6,25 


32.34 


5. 0(3 


04, G8 


19 


28. H 


53.24 


33. 00 


G. 45 


31,02 


0, 00 


(52. 04 


20 


29 2 


53; 84 


34 (M) 


5. 00 


31 57 


4. 01 


03. 15 


21 


28! 9 


3 ) 


34.20 


- 4. 00 


-3.2.08 


3. 75 


04. 10 




30. 3 


5{). ()') 


3o.70 


5. 40 


32. 85 - 


4.83 


05. 54 




2('». 8 


49. SO 


32. Oi) 


5. 00 


32. 51 


5. 08 


05. 02 


24 


29'. 0 


54.70 


35.00 


o.or 


31. 99 


- -5.82 


03.98 


28 


29.7 


51. 90 


30. 20 


5.40 


3.2.96 


4.92 


: 65.92 


ni 


29. 1 


53. 70 


3:-'. 80 


4. 63 


30. 12 


4. 31 


7.2.24 


32 


29. (> 


54.;.) 


37. '00 


5.02 


33. 82 


5. 14 


67.03 


33 


29. 1 


53. 70 


3;. 10 


- 4. 83 


34. 54 


4.49 


09.08 


;>4 


3(). 1 


55. 50 


39. 80 


4.83 


35. 60 


4. 35 


71.72 


35 


30. 1 


.55.50 


38. 50 


4. 44 


34. 09 


4.00 


09. 38 


30 


29, 5 


54. 50 


- 38.40^ 


3. 97 


35. i.>3 


3.01 


- 70.40 


3; 




52. 80 


33.70 


5. 71 


31.91 


5, 40 - 


03. 83 




29. 4 


51.21 


35.04 


5.21 


33. 13 


4.83 


~ 00.20 
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Tabues YIII. -^Analysis of molasses from second sugars, 
pn. Molasses;] 
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per ct 


Per ct 




Per ct 


Per ct 


PeT 








1 


40.8 


76.92 


32, 6a 


39.90 


19.75 


32,4l" 


39.42 


19, 51* 


4S.&4 




2 


40. 3 


75. 92 


32.30 


40.07 


19. 60 


32, 46 


40,20 


19. 67 


42. 71 




a 


41,5 


78.51 


33. 40 


41.21 


13. 90 


52.23 


39.78 


15.41 


42.41 


2................. 


..4 


40. 5 


76, 41 


32. 80 


40.39 


13. 15 


32. 66 


40. 21 


13.09 


43. 


97 




5 


40.6 


76. 43 


32.00 


40. G2 


13.90 


32.75 


40.44 


13.84 


43, 


09 


7. 


7 


34. 8 


64. B5 


28.80 




11.43 


33. 71 




13.36 


44. 


35 




8 


40. 1 


75.48 


31. 20 


39. 08 


13. SO 


31.30 


39.24 


13.94 


41, 


1*^ 


10..... ........ 


9 


42.2 


79. 91 


32. .50 


40. 61 


15.74 


31.62 


39. 40 


15.31 


41. 


Bl 


15........^....; 


10 


41.9 


mm 


33.70 


40.68 


14. 04 


32. ar? 


38.95 


13.44 


42.46 


19.... 


11 


41,7 


78,86 


35.00 


: 43/20 


13. 80 


33. 7-8 


10.72 


13.31 


44.46 






40.5 


76. 26 


32.54 


41.15 


14,91 


33. 52 


39. 63 


14.89 


42. 


79 

























I have adopted a plan for stating analyses of molasses by whicli 
each analysis can easily be compared witli the others. Each per- 
centage has been reduced to the basis of a molasses of a stated de- 
gree Brix or Banmd, 50"" Brix for molasses from first sugars and 
76° Brix for molasses from seconds. Fifty and seventy-six degrees 
Brix were selected as standards of comparison, since they represent 
approximately the average densities of the molasses from first and 
second sugars. 

SUMMARY OF DATA COLLECTED AT MAGNOLIA STATION, SEASON OF 

. . ■ . im . : ■ 

Governor Warmoth kindly gave me free access to the records of 
the sugar-house, from which the following data were obtained: 

Table IX.— 'Showing tons of cane worked^ weight of Juice extracted, percentage of 
extraction a7id th-e weight of first and second sugars and molasses pe^^ ton of cane 
for the four* pertods iiito which the season tvas divided. 





First . 
period. 


Second 
period. 


Third 
period. 


Fourth 1 mr>+n1 
period. 1 Total, 




2, 113. 76 
3, 225, .385 
76,29 
116,40 
36,27 
54,05 


2,410.72 
3,848,740 
79. 82 
124.56 
43.75 
63.13 


920. 47 
1,430,881 
77,72 

111.57 
34.16 
48.53 


1,758.35 
2,757,870 
78. 42 
12i7 43 
44. 59 
61. 06 


7,203.30 
11,262,876 
- 78.17 
120. 47 
40,53 
58.17 



*The divisions of the seasons into periods were arbitrary, and were made when bad weather or other 
cause of delay permitted a thorough cleaning of the sugar-house. 

Percentage of yield, sugars ... ...... .... 8. 05 

Percentage of yield, first sugar oai 

Percentage of yield, second sugar. . . . .... ........................... ^. 0J3 

Pounds first sugar (polarization 98.78) per ton of cane „ . o j^'^l 

Pounds second "sugar (polarisation 90.3) per ton of cane if?* aa 

Total sugar per ton of cane ..................... ^ Br qo 

Percentage of total- sugar obtained in first product . , t'^t 

Percentage of total sugar obtained in second product ......... o . S5, 18 

: 22; AG— '86 - - - : ' 
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Total number of acres of cane rolled . ... . . . . .......... 590. 81 

Total tons x)f cane^olled . .... 7|203. 8 

Tons of cane per acre. , . . . ....... .......... . .v= = IS. 19 

Total pounds of sugar made , . . . , . . . . .... . . ........... 1^ 159, ^68.00 

Pounds of sugar per acre . . . . . . .... . . . . . . . 1,963.6 

Total pounds molasses made (11.6 pounds per gallon) . . ....... . . . . . . , 418, S63, 00 

Pounds molasses per acre. .... . . , . . . , . . ._. T08. 45 

Pounds molasses per ton.cane . .... ... . , . . . — . . , 58. 17 

Tabim Xi'—Commrison of yield qf mgofP and molasses, seasons qf 1884-^85, 1885-86, 

ctnd 1886, 



Yield of first and geeond sugars ...... per cent . 

Yield of aUsiigars.. ...........>.... ..-.-5.. ^ 

Yield of first and second sugars per ton ox oane . . . . . ; .pounds. 

Yield of molasses per ton of cane — do . /. 

*In li^4-*8S three sugars were made. 



1886. 



8.05 



161.00 
58.17 



7.43 



148.75 



1884-'85. 



6.87 

137.39 
58.25 



BXPBEpiBNTS IN 

Wiaen in New OrleanSj, in NoTember^ I receiyed an invitation to 
visit tlie experimeiit station and witness a test of the Kleemann proc- 
ess for the filtration of the jnice. TTiis test on" a small scale was 
very siiccessfnl, and demonstrated clearly that all the jnice conld 
easily he filtered throtigh pre^^ 

This process was invented hy Fritz Kleemann, of Schoeningen, 
Brunswick^ Germany. It has heen patented in all sugar-producing 
countries. 

This process was first tested on a large scale with cane juice in 
Demeraxa at the following sugar »houses: ]Sronpareil, Lusignan, En- 
more, and others. The Nonpareil house filtered the juice from 400 
long tons ;of cane per day, through 8 presses of 18 chambers each. 
These tests were made in May, 1886, since when the process has been 
introduced into Porto Rico and Cuba. ; 

The following is a description of the process as employed in cane 
sugar-houses, brown coal or lignite being the filtering medium. The 
raw juice is treated in the defecators or clarifiers with lime, as usual, 
except that a smaller quantity is required. The juice is then heated 
to a temperature between 160'' and 180° F., and finely ground lignite 
or brown coal is added. The lignite or brown coal- m be reduced 
to as fine a state of division as is practicable. The quantity of lignite 
to be added varies with the amount of sugar contained in the juice, 
and ranges from 5 to 10 per cent, of the weight of the sugar. The 
temperature of the mixture is maintained at from 150° to 170° F. fif- 
teen or twenty minutes, and the juice is then pumped to the filter- 
presses. The filtered juice passes directly to the evaporating-pans, 
and the sirup, without fu,rther clarification or settling, can be imme- 
diately boiled in the vacuum-pan. . 

The juice left in the press cake in the filter-presses is obtained by 
displacement with cold water. \ 

One ^0-chamber Kroog press v/ill filter 20,000 gallons of juice 
treated by the Xleemann process in twenty -four hours, ample time 
being allowed for displacement of the juice left in the press cake and 
fox cleaning presses, changihg^^^^^^ An ordinary laborer can 

manipulate the presses. 
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The amount of precipitate retained by a 30-cliamber press will aTer- 
age 770 pounds. TMs precipitate contains 50 per cent, of its weight 
of jnice, nearly all of wMcii can be recovered b 

The amount of press cake per ton of cane is approximately 46 
ponnds. Half of this contains an aTerage of about 13 per cent, 
sucrose. Were this Juice thrown away with the presa cake it would 
result in a loss of 46x.50x<,13=3 pounds sugar per ton of cano 
worked.; ' ' : 

Even at a low yaluatipn per pound for sucrose, this loss, amounting 
to 30,000 pounds of sugar for a crop of 10,000 tons of cane, would be 
a large item. These figures are based on an extraction of 78 per cent, 
of juice from the cane. 

TEST OF THE KLBEMANN PEOCESS AT MAGNOLIAo 

Early in December, at the request of Mr. D, Colcock, secretary 
of the Sugar Exchange, Kew Orleans, the Commissioner of Agri- 
ciilture directed me to make a test of this process. 

A su£B.cierit quantity of lignite could not be procured, so, m accord- 
ance with the suggestions of Mr. Ernst Schulze, representing the 
owners of the process, finely ground charcoal was substituted. Ex^ 
periment on a small scale showed that a slight modification of the 
process must be made where charcoal, bituminous coal, or certain 
other substitutes for lignite are employed. 

The clarifiers at Magnolia are of the ordinary form and have a ca- 
pacity of ^33 gallons. The filter-presses were manufactured by the 
Hallesche Masehinenf abrik, of Halle, Germany. An ordinary pis- 
tdn-pump was used to force the juice through the presses. The juice 
was limed, as usual; -i. 6., to neutrality. In order to determine the 
amount of charcoal required, experiments were made with varying 
quantities : (1) 10 per cent, of the weight of the sugar in the juice ; 
(3) 7i per_cent. •, (3) 5 per cent. / \ . i 

Any difficuly in filtration would indicate too little charcoal. As a 
result of this experiment it was foimd that the juice filtered equally 
well with 5 per cent, as with 10. Five per cent, is probably as little 
as could be^suecessfully employed. 

The juice was rapidly heated to the boiling-point, after liming, be- 
fore the addition of the charcoaL The charcoal having been added 
to the mixture, was boiled and stirred thoroughly for ten or fifteen 
minutes and then forced through the presses. _ I 

One 21-chamber press filtered 2,670 gallons of juice in three hours, 
at the end -of which time it Was opened and the press cake removed. 
The chambers of these presses are not as large as those of the Kroog 
presses.; ^'-; -/ ■ " r 

The filtered juice was perfectly clear and bright. It wa^ immedi- 
ately converted into sirup in the double effect. This siruj) was as 
bright as the filtered juice. A portion of the sirup after standiug 
several days in a glass vessel did not show the slightest sediment. 

Analyses were made of the juice at frequent intervals during this 
work. A portion was taken from each sample for the determination 
of the albuminoids. 

The proportion of albuminoids is expressed in the table, both as a 
percentage of the weight of the juice and in terms of the sucrose; 

The sample No. 1 of the juice was taken from the first clarifier^ 
and the first samx3le of clarified juice from the first portion of the 
filtered juice; consequently these samples represent the same juice 
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l)efore and after olarificationv^^^^^T^^ of the samples were taken at 
: _ intervals from the presses and from every third clarifier or juioe. 
The average of these results will represent, as nearly as 'possible, 
the same juice before and after treatment. 



Table XI —57iot£^7i3^ awaZ^ses o/ jmces before. and after treatment hy KUemann _ 





: A.; 




42 ■ 
^8 


1 

w. 


1 

1 


.'2 5 


li 

It 
1 


N 


1 

CO 


1 
o 

5 . 


Albuminoids 
per ct. sucrose. 


s 


Charcoal per 
ct. sucrose. 


1.......... ...... 


Per ct. 
10. 01 

16. la 

16.06 
16. 57 
15,98 


Per ct, 
14.89 
13.54 
13.53 
14. 13 
13.41 


Perct. 
. 2500 
.1625 
.2188 
.1875 


1.68 
L20 
1. 62 
1.32 


93.00 
83. 64 

84.24 
85. 27 
84.02 
84. 59 
84.29 
83.58 
~ 81.39 
81. 40 
84.28 
83.88 


Perct 
15. 31 

- 14.: 29 
16.66 
16. 93 
16.16 
16.76 
16. 81 
17. 56 
17.01 
17,47 
17.44 
17.30 


Per ct. 
14.89 
12.27 
14. 53 
14.78 
13.60 
14.60 
14.62 
14. 90 
14.43 
14.75 
14.65 
14.76 


Per ct. 
.1563 
.1438 
. 1313 
.1369 


1.05 
1.17 
.90 
. 93 


97,25 
85.86 
87.31 
87. 30 
84.16 
87. 11 
86.97- 
84.86 
84«S3 
B4. 43 
84,00 
85.32 


10.0 
10.0 
10.0 
10.0 
. 7.5 
7.5 
7.5 
7,5 
7,5 
7,5 
7.5 
5.0 




6...... 


16.09 


13.61 
13.04 

/ 13.84 
11,81 
18,43 


.2188 
.2625 

. 3062 
,2938 
,2563 


1.60 
2. 01 
2.29 
2.48 
8.00 


. 1625 
.1625 
.1618 
. 1338 
,1875 


1. 10 
1.10 
1. 08 
1.27 
1.27 




8........... 


15.97 
14. 51 
15. ^>7 
IB. Si 
15.70 


9.,.. 


12.;.;............ 


13. 17 


.2375 


1.80 


.1762 


1.19 


15.76 


13.31 


,2394 


1,81 


84.46 


16.47 


14. 40 


.1553 


1.11 


86,60 









Average ihcrease in coefacieiit of purity =3.14. 



In the preceding table, column A represents raw 3uices; column B, 
juices treated by Kleemann's process. Referring to table, we find the 

- average increase in the coefficient of purity by the ordinary j)rocess to 
be 1.24, TaMe XI shows ail increase of 2.14 by the Kleemann process, 
This^^l^^ the purity of the juice would give a decided 

- increase in theL yield pf suga^ 

THIS ALBtJMIN-QIDS, 



The; redxiction in the percentage of albuminoids was not as large as 
by the ordinary process. By the Kleemann process an average of 
35,17 per cent, of the albuminoids were removed- by the ordinary 
process the TeduGtion was nearly 45 per cent. I do not know to what 
extent this difference in the albuminoids would affect the v/orking of 
the sirup. The sugar-niaker report^^ sirup made by the 

Kleemann process in this test worked as easily as by the ordinary. 

ADVANTAGES OF THE KLEEMANN OVER THE OEDINARY PROCESS. 

The increased coefficient of purity is not the only advantage this 
process has over the ordinary. There is an increase of sugar from 
the rapidity of v/orldng both juice^ and sirup. The quarititv of 
sugar lost in the scums is reduced to a minimum. The expense for 
labor is-less and the valiie of the pr cake is greater, since it is in a 
better condition mechanically for use as a fertilizer. 

This process certairily inerits a thorough test by our sugar planters. 
Lignite of a good (^nality is sibnndant near the sugar area of Louisiana 
and can be obtained at a small cost. 
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CONCLUSION. 

The results of this season's work at Magnolia liave been very satis- 
factory. The yield of sugar per ton was the largest in the history of 
the plantation. The yield per acre was exceedingly small. 

The results of the work of the sugar-house were very encouraging, 
and were such as to warrant a large expenditure for improvements 
in the plantation, 

ANALYSIS OF StlGAB BEETS. 

A large nuinlber of samples of sugar beets have been received from 
various parts of the country grown from seed sent out by the Depart- 
ment; The great variation in the content of sucrose in these samples 
shows the wonderful effect of soil, climate, and m^ethod of cultivation 
in the quantity of sugar which the beet contains. ^ 

From the appearance of '^the samples received it was evident that 
the greater number of those who had grown the beets were ignorant 
of the principles of agriculture on which the growth of a beet rich in 
sugar depends. The object in view seems to have been to produce a 
large beet, and many of the samples received were of a size far above 
that which indicates the production of large quantities of sugar. 

To secure the best results the number of beets grown on each square 
yard should not be less than seven or eight. By judicious crowding 
the overgrowth of the beet is preventedvand the sugar is stored in 
the tuber instead of being used up in the life processes of the plant. 

The beets sent by Joseph M. Hart, of Oswego, K Y., have the a;^- 
pearance of having been grown in accordance with the above princi- 
ples, and they afforded the only sample which reached the standard 
of a profitable sugar-making plant- 

The low percentage of sucrose in the samples sent from the Middle 
and Southern States shoY^s the folly of trying to grow the sugar beet 
in any parts of our country except those pointed out in Bulletin No/ 5 
of this division, viz, the Pacific slope and along our JSTorthern borders. 
Following are the descriptions of the samples analyzed and a table 
of the results obtained: 

DESCRIPTION OF SAMPLES. 

BeriaiNo. 

Sugar beet from K. P. Flinn, Woodvnie, Mss..,.. - 4486 

Sugar beet from M. S. Douglas, Fort Sinith, Ark 4488 

Sugar beet grown on stiff clay soil, from J. T. Henderson, Pabnetto, Ga. . ... 4490 
Sugar beet grown on red clay soil, weight 841 grams, from Mrs. T, F, Astin, 

Palmetto, Ga ^ .... . ^ . . 4491 

Sugar beet grown on stiff red soil, weigbt 473 grams, from J. M. Terry, Pal- 
metto, Ga.. ... - 4493 

Sugar beet grown on clay soil, weight 973 grams, from J, Watkins, Pal- 
metto, Ga , , . , 4493 

Sugar beet grown on clay soil, weight 973 grams, from J. H. Watkins, Pal- • 

metto,Ga y 4404 

' Sugar beet grown on clay soil, weight 648 grams, from J. H. "Watkins, Pal- 
metto, Ga 4495 

Sugar beet gTOwn on sandy loam, weight 873 grams, from Thomas Varnes, 

Palmetto, 4496 

3 sugar beets grown on fine loamy clay, weight 688 graras, from Mr. Milles, 

Palmetto, Ga 4497 

White sugar beet from William Cleveland, Thornton, Tex 4o71 

White sugar beet from WilHam Cleveland, Thornton, Tex. (beet short and 

stumpy) ...... . . . = , . 4573 

Sugar beets, very large, short, from V. D. Haamah, Weiser, Ind 4b45 
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: Serial No. 

SmaU sugar beet from William Gill, "West Point P. O,, Dak. 4&55 

2 sugar beets from WilliaHi Saclie, Piano, Tex, . . . . ... . . . . . , . . .... 4678 

White Imperial sugar beet from F. E. Hurd, West Haven, Midi 4679 

2 sugar beets from E. :B. Coclu-an, Parma, Mich . . . . , , . . . , . . 46B7 

White Imperial sugar beet from W. J. Sweet, Clay Brook, Tenn .... . . . . . , . . 4688 

Sugai* beet, large, from 11, F, Harbaugh, Concord, Kans ... . . . , . .... .. . , . . . 4689 

12 sugar beets, very fine and fresh, from James M. Hart, Oswego, N. 1: ..... 4690 

2 large beets from F. C Smith, Portland, Oreg., raised on Ladd's farm. ..... 4691 

2 large beets from F. C. Smith, Portland, Oreg.j raised on Ladd's farm ...... 4693 

Large beet from F. W. Smith, West Haven, Mch ., . . . . . . .. .. . - 4696 

2 lai-ge beets from M. Nelson, Menomonee, Mich. . ...... ... . . :\ .. . . . . . . ... . . 4736 

2 large beets from E. B, Cochran, Parma, Mich . . ... . . . . . . . . . . . . .... . . ... . . . 4737 

8 sugar beets from H. P. Simmons, Paterson, N. J 4739 

3 sugar beets from J. Browen, Bismarck, Ohio. . ... ... 4776 

Sugar beet from A. M. Smith, Climax, Morrow^ County, Ohio 4777 

1 White Imperial sugar beets, grown by David Oldhaven, Paterson, N, J . , . . 4781 

ANALYSIS OF SUGAR BEETS. 



Serial number. 



4486 . 
4488 . 
4490, 
4491 . 



4494 ...... 

4495...... 

4496...... 

4497...... 

4571 ...v.. 
4572...... 

4645 ...... 

4666 



Per cent, 
water. 



86. 65 
89. 10 
86. 36 
86. 95 
83.91 
88. 34 
89.07 
88.14 
87. 83 
85.62 
86.71 
85.53 
86.11 
80. 2G 



Per cent, 
sucrose. 



Serial number. 



4678. 
4679. 
4687. 
4688. 



4738., 
4737. , 
4739. 
4776., 
4777., 
4781., 



Per cent, 
water. 



84.86 
81.63 
86.27 
83.99 
87.34 
85. 11 
83. 23 
83.07 



87.73 
85.71 
82.37 
80,80 
84.08 



Per cent, 
sucrose. 



5.04 
9.73 



11.71 
8.58 
8.22 
18.84 
10.30 
11,15 
9.35 
10.09 

8.ia 



SOILS SUITABLE TO THE CJULTUEE OP CELERY* 

The- culture of celery in this conntry, especially in Michigan, has 
grown to be an industry of eonsiderahie importance. In the neigh- 
borhood of Kalamazoo in Michigan I found some of the finest celery 
gardens of the world; To determine the character of the soil in 
•which this celery grows a carefully selected sample of it was ob- 
tained from Mr/ Frank Little, of Es^^ 

( ANALYSIS OP THE SOIL, 

r This soil gave, on analysis, the following results: 



Substances. 



Per cent. 



Substances. 



Per cent. 



Moisture.,...,,... . . . 

Hydrated silica 

Ferricozide , . . . . v. . ... 

Pbospliorie acid 

Potash 

Gblorine. .... .... . . . 

"Volatile and organic matter. 
Quartz sand . , . 



7. 105 
1.885 
1.880 
.470 
.206 
.091 
52.342 
33.845 



Soluble silica . . 

AJumina 

Lime ... .. . 

Soda 

Sulpburic acid, 
Carbonic acid . 
Nitrogen ...... 



. .175 
8.237 
4.574 

.463 
.601 
.408 
2.860 



■ The great percentage of nitrogen in this soil will be noticed^ which 
leads me to the conclusion that soils containing a large quantity of 
organic matter are particularly adapted to the growth and culture of 
celery.: - ' - 

It seems appropriate, in this connection, to insert the following 
verv interesting account of the culture of celery, by Mr. Frank Little^ 
of Jkalamaaoo, Mich, I 
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CELERY CULTURE AT KALAMAZOO. MICH. 
; - : . ; . By Frank Little. 

Kalamazoo Township, 6 miles square, is the county oi* shire town of Kalamazoo 
County. The city of Kalamazoo, 2^ miles square, is located in the geographical 
center of the township, which is also, approximately, the center of the county, and 
is situated on the line of the Michigan Central Raihoad, running east and west, and 
the Grand Rapids and Indiana, and Lake Shore and Michigan Southern, running 
north and south, midway between Detroit and Chicago^ and at the great bend of the 
Kalamazoo River. 

The y alley of the river at this point is fully 100 feet below the general leTel of the 
table-land above, and averages 3;^ miles in width. - 

The city of Kalama,zoo, which is m the valley of the river, is built upon a burr- 
oak plain, which is slightly elevated above the bottom or marsh land that skirts the 
stream and its tributaries, the Portage, Arcadia, and Axtell's Creek, which all empty 
in within the city limits. The soil is a dark sandy loam, resting upon a substratum 
of coarse gravel and sand, in which is found an inexhaustible supply of pure water 
at a depth varying from 6 to 25 feet. 

The upland timber consists of the several varieties of oak, hickory, maple, linden, 
elm, and other yarieties. ' 

The celery gardens xif Kalamazoo are located upon the bottom or marsh lands that 
skirt the river and its tributaries. It is estimated that there are in the city and 
township 8,000 acres of bottom-land, a large portion of which is adapted to the cul- 
tivation of celery. T|iis marsh soil is of inky blackness, peaty; in some instances 
strongly impregnated with iron, and in others. with marl or carbonate of lime. 

The saturation is copious as a rule throughout the season, owiiig to porosity of 
soil, and the elevation being but slight above the river level. 

In 1875, or thereabouts, a native Hollander by the name of Lendert De Bruyn, 
who had carried on a small upland garden and tried to raise a little celery, ditched 
and spaded a- narrow strip a few feet wide and two or three rods long of marsh at 
the rear of his lot on South Burdick street, and set out a few plants of celery as an 
experiment. His success was so marked that the next spring three or four other 
Hollanders in like manner prepared a few rods of ground with like results. 

Stimulated by the uniform success that had attended these efforts, and a market 
being opened abroad by some enterprising dealers, a large number of Hollanders 
soon embarked in the work. Large tracts of marsh-land were ditched, subdued, 
and planted out to celery up and down the valley. Marsh-lands advanced rapidly 
in value from a nominal average price of $30 per acre to three, four, and five hun- 
dred dollars per acre. 

At the present time (July, 1885) the total area of celery lands under cultivation 
within the city limits and suburbs is estimated at 1,200 acres, furnishing employ- 
ment in this special industry to upwards of 2,000 laborers, besides a great number 
of women and children. 

Notwithstanding this remarkable expansion and wonderful success attending the 
growth of celery in Kalamazoo, notably so within the past five years, the possibili- 
ties of the future have only been half realized. While the annual acreage is rapidly 
increasing, stimulated by a brisk, profitable demand for shipment, large areas of 
land— probably 1,300 acres more, suitable for the cultivation of the plant— are still 
unoccupied. 

It is no genteel, Hght, clean work or child's play to grow celery. The drainage 
and subjugation of the natural soil, fertilization, planting out^ and subsequent cul- 
tivation and gathering the crop— almost entirely hand work from the commence- 
ment to the close— is laborious in the extreme. 

At first narrow open ditches are dug at right angles to the stream or principal 
drain at intervals varying from ten to thirty rods, as the case may require. The 
intermediate spaces between the ditches is then thoroughly dug up by hand or by 
plowing in some instances, covering undernieath the wild coarse grass, weeds, flags, 
and rushes, preparatory to setting the plants. 

Horses shod with brbad wooden shoes made of 3-inch plank are sometimes U£ied 
in plowing drier portions; also, sometimes, where too wet and miry for a team, a 
capstan set on the upland, with a long cable attached to a plow, is used, and a 
wooden tramway is laid for a light car to take the plow and cable back to the start- 
ing point, and for the transportation ctf manure, boards, tools, plants, &;o., onto the 
field; but this is not the common practice now, as the marshes are drier than for- 
merly. 

Most of the labor in the celery gardens is done by Hollanders— men, women^ and 
children— who, ^ wooden shoes, bid defla^ic^ to ma^ia a&d diphtherial and seem 
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to be perfectly at home as tliey dig in the mud and water and plod over the moist 
celery fields, 

In winter, when the marshes are frozen, large quantities of straw and stable ma- 
nure are drawn out to the celery fields for spring and summer use. Manure— which 
has appreciated in value largely within the city limits since the development of this 
enterprise— is an essential f eature of success. It is used hberaUy at each successi ve 
planting to promote the growth of the crop ; and it is found that artificial f er- 
tilisation here cannot be profitaVjly dispensed with. - 

Celery seed is quite small and slow to germinate. Some growers raise their own 
seed, but a large number pm'chase it each yea.r at a reliable seed agency. 

There are many varieties , with scarcely essential differences. The most popul ar- 
named varieties at Kalamazoo are the Golden Dwarf , White Plume, and White 
Walnut. - ; : :\ V; r-: " ' \ ' ' 

Seed is sown in March in hot-beds ; later on^ in shallow boxes, and a finely pre- 
pared seed-bed: outdoors. The seed should be sown in straight rows, so that the 
yoimg plants may be kept free from weeds. When about 2 inches high they should 
be thSmed out and transplanted 2 inches apart, and when 4 inches high the tops 
should be cut off , which will cause them to grow stock^^ 

Thorough cultivation- is implied where celery has been raised upon any given 
tract the previous year. 

In planting out, well-manured, broad> shallow trenches about 7 inches deep, par- 
allel to each other and 5 feet apart— in some instances these trenches are only 3^ 
and 4: f eet apart-— axe usually prepared; and the young plants are set in the trench at 
intervals of 6 inches; the outer leaves out off , and the soil pressed closely around the 
■roots- ■ . . "" - - .V . : -.- '- " ^ : 

Early plants are set in May, as weather permits; second croj) in June; and third 
and last plantmg, for winter use, last of August and first of September. 

Onions, peas, and potatoes are extensively planted between the trenches of the 
first crop, to be harvested before the celery needs hilling. . _ ■ . . 

In about six weeks from setting out the plants may be ^'handled," one man gath- 
ering the leaves together tightly, while another draws the e_artli from, between the 
rows about the plants one-third theia: height. The process is repeated in dry weather 
every few days until ready for use. Gare naust be taken that dirt does not fall be- 
tween the leaves in hiUing,, as rot may ensue. : - 

The hilling of the first crop excavates a trench, along which the second ■ ' planting 
out" is set before the first is harvested. - - - - 
- The fh*st crop is usually ready for market by the 10th of July, and all gathered by 
the 1st of August. The soil is then taken from the first row for hilling the second 
crop. If Ihe season is favorable, a third crop is planted out the 1st of September 
upon the first line of trench. i : v " 

Blanching in the field is done either by liillmg up the plants with earth, as previ- 
ously described, or by boards placed each side of the growing plants, and held to- 
gether by iron hooks or clamps. Where boards'are Used there is less liability to rust, 
but the celery is said not to be equal in quality to that which is hilled with earth. 

At maturity the celery is dug, trimmed, washed in sluices running through the 
fields, securely tied in bundles of twelve heads — boys and girls being usually em- 
ployed in this work— and delivered promptly at the shipping agencies, fresh from 
the field every day , just prior to departure of express trains. 

At the agencies the celery is immediately packed in thin wooden boxes of uniform 
size— ten bundles of twelve heads each— duly branded " Kalamazoo Celery," and 
sent at once to the express tTains, 

. In the height of the season 40 tons have sometimes been shipped from Kalamazoo 
of celery thus packed in a day. : . . _ _ - 

It is important that celery reachies its destination in as fresh and crisp a state as 
possible. The utmost celerity is therefore requisite, from the moment the plants are 
lifted in the fields to hasten them to market in an attractive form and good condi- 
tion. There are nearly thirty business firms engaged in the shipment of celery 
from Kalamazoo. These agencies buy the celery outright at a certain price per dozen 
heads, and it is then sold in quantities to fill orders or consigned for sale to commis- 
sion dealers. ^ 

! As the season advances and freezing weather sets in all the plants that remain 
in the gardens are lifted from their original bed and stored carefully away in winter 
cellars, or coops." These winter repositories are built to exclude the frost, and 
have facilities for lighting and for heating in extreme cold weather. They are built 
usually M feet wide, and are 100, 200, and 300 feet long, as the case requires. 

In constructing these coops," which are built on dry land near the gardens, the 
earth is excavated about 3 feet below the natural surface for the entii*e area to be 
inclosed, ^he lidea ftfe boarded up aboTe the UEtural surface 2 feet to the eavesi 
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making side wails 4 feet high inside. A ridge-pole, 6 feet high, is duly supported 
through the center, and 14 ft. boards are used for roofing, occasional openings 
being made in the roof for windows and ventilation. The outside is well banked 
up with earth to the eaves, and the roof covered with straw and manure to exclude 
the frost. 

In housing the celery for winter, beginning at the back end of the *' coop," the 
plants which are green and small as they are selected from the field are first 
packed away at the farther end, standing closely and upon their roots, slightly 
sprinkled with earth, and moistened, to keep them growing. To prevent heating, 
the plants, as they are stowed away, are divided into narrow sections by boards set 
edgewise. Green and immature plants are always placed at the back end, so as to 
be the last to come out in the early spring, when the season closes, while the large 
mature heads are saved to go in last near the door. 

In this manner the * ' coop " is filled to the entrance with one or two hundred thou- 
sand dozens of plants, more or less, as the case may be. 

The proper management of these winter cellars is a very important feature of the 
enterprise, and requires constant vigilance and excellent judgment to regulate the 
light, heat, ventilation, and steady successful bleaching of the plants. 

Another method of winter storage is sometimes practiced by digging a trench 2 
feet deep, 3 feet wide, and any desired length. The plants are then packed up- 
rightly upon their roots in the tren ch as closely as they will stand, and covered with 
straw, earth, and manure to exclude frost. 

While celery thus secured is said to be preferable, there are serious objections to 
the method in this latitude. For the plants, long excluded from the air, would 
smother" and decay, there would be danger frora frost, and they would be inaccessi- 
ble many winters in case of protracted periods of very cold weather. 

The winter demand for celery for shipment, especially during the holiday season, 
is constant and unabated; and the ** coop" system enables the grower to obtain ac- 
cess to his stock every day, even in the coldest weather, and note its condition and 
prepare it for market, until the crop is exhausted. 

Kalarjiazoo celery is now shipped to nearly every State in the Union. The regu- 
la,r season commences about the 1st of July, and, being prolonged by the practice of 
winter storage described, lasts until the succeeding March or April. 

The annual product of celery at Kalamazoo is now estimated at upwards of 
1,200,000 dozens, and valued at 1250,000. - 

Kalamazoo celery takes high rank in the various markets where offered. It is re- 
markably uniform in size and quality; of luxuriant, rapid growth; crisp, aromatic, 
nutty flavor; and is generally sound and free from rust. Large, thrifty heads are 
generally more salable, but a medium size is to be preferred as being more tender 
and solid. As an esculent, it undoubtedly requires a cultivated taste to reHsh cel- 
ery, but this taste is readily acqm^ a condiment and appetizer, to say 
nothing of its valuable medicinal properties, celery stands unsurpassed. 
_ The foregoing sketch of the rise and progress of celery culture in Kalamazoo but 
imperfectly delineates the development of an industry that has proved of gi-eat prac- 
tical value not only to this locality, but the success and fame of the undertaking 
having gone abroad elsewhere in this State and in other States, the more extensive 
cultivation of celery has been stimulated in view of what has been accomplished 
here. 

Land, much of it heretofore considered comparatively worthless, the original home 
of venomous reptiles, noxious weeds, swamp fever, and malaria, has been drained, 
brought under cultivation, converted into arable fields and luxuriant celery gar- 
dens. " 

While some of the drier portions of the Kalamazoo marshes were available for 
pasturage and meadows in dry seasons, yielding a coarse marsh grass of inferior 
quality, many large tracts that have been reclaimed were but a few years since wet 
and miry, almost impassable for either men or animals; and the idea of converting 
these lands to any practical use in the direction indicated would a few years since 
have been deemed visionary and absurd in the highest degree. 

COMPOSITION OF WATER AND MUSK MELONS. 

Maiiy inqiiiries haying "been received at this office concerning tlie 
possibility of making sugar from water-melons^ I "was led to under- 
take an investigation of the content of crystallizahle sngar in this 
fruit.^ At the same time a study was made of the other important 
constituents. The analytical processes employed were those usually 
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■ased in sncli estimations and it is not necessary to repeat a descrip- 
tion of them liere. Tk© melons were bonglit m the open market 
and of several different varieties. In the case of water-melons, sep- 
arate investigations were mad.e of hoth the meat and the rind, the 
sepai^ation heing made as nearly as possible at the junction of the 
red and the white portions. The localities where the melons were. 
grown are mentioned in the table, and also the varieties. The analyses 
oiea.riy show that in no case could water-melons be ixsed f or the man- 
ufacture of crystallized sugar. The highest percentage of sucrose 
found in any case was The mean, for the whole number of an- 

alyses of sucrose was 1.92, and of glucose, or reducing sugar, 4.33 in 
the meat. In the rind the numbers were .34 and 2.47 respectively. 
A table of the analyses of musk melons is also given. For further 
information respeeting the composition of water and musk melons 
the following taMes may be consulted 



Analyses of rrimh-melom. 



Variety. 



Jenny Lind . 
...do ..... 

...do 

.;.do 

...do ..... 
,..do ..... 
Nutmeg . . . . 
...do ..... 
;*.do ..... 
.l.do ..... 
Huiiter ..... 
.....do ..... 
.....do ..... 
.....do ...... 

,..=:„do 
.,...do ...... 

.:.,.do ...... 

.....do ..... 

.....do 

do. 

do 

.....do ... 

do ...... 

.....do ....... 

......do ...... 

..,,,do ...... 



Date. 



Sept, 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sep . 
Sep-. 
Sep . 
Sep . 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 



fiiOcJ 

H 

I 



Gms. 
2,012 
2,881 
4,590 
4,656 
2,801 
3,056 
1,913 
3,078 
1,929 
1,,369 
4,957 
4,753 
3,693 
3,827 
4,123 
3,244 
2,123 
2, 697 
4,063 
3,310 
4.597 
4; 098 
3,982 
2,993 
5,131 
3,740 



a 

o 

% 
ba 



Gms. 
3,012 
2,491 
4,182 
4,233 
2,546 
2,793 
1,815 
1,948, 
1,840 
1.237 
2; 279 
1,855 
2,254 
3,207 
1,879 
1,540 
1,705 
2,312 
2;i65 
1,610 
2,305 
2, 130 
1,198 
1,594 
2,189 
1,680 



I 



Gms. 

2,067 
1,827 
3,284 
3, 172 
1,950 
2, 170 
1,398 
1^506 
1,298 
857 
1,858 
1,574 
1,841 
^2,724 
1,612 
1,410 
1,399 
2,054 
1,749 
1,281 
1,935 
1,693 
1,759 
1,350 
1,737 
1,406 



Per ct 
68.62 
73.34 
78.52 
74.93 
76.59 
77.69 
77.02 
77.31 
70.54 
68.47 
81.52 
84.85 
81.67 
&4.93 
85.79 
91.55 
82.05 
88.84 
80.78 
79.56 
83.94 
79.48 
90.29 
84.69 
79.35 
83.69 



t 



1.029 
1.019 
1.019 
1. 026 
1.022 
1.017 
1.031 
1.028 
1.021 
1.027 
L022 
L020 
1.014 
1.012 
1.010 
1.013 
1,013 
1.008 
1.020 
1.014 
1.030 
1.030 
1.020 
1.020 
1.035 
1.030 



O 



20 



25 



«1 



Fer ct. 
.99 
.72 
.98 
1.74 
L48 
.76 
1.97 
142 
.89 
1.60 
123 
103 
.45 
.29 
.08 
18 
.05 
.14 



176 
2.64 



3.10 



Filtered juice, 



o J" 



Fer ct. 
.49 
.72 
109 
167 
167 
.67 
2.01 
142 
.89 
160 
123 
,95 
.36 
.37 
.12 



.08 
71 

.30 
177 
2.73 

.89 

.87 
3.10 

.44 



Fer ct. 
3.03 
3.49 
3.57 
3. 12 
3.03 
3.12 
3.22 
4.55 
3.33 
3.03 
3.38 
2.94 
2.68 
2.43 
2.43 
2.73 
3,01 
1.81 
3.44 
2! 63 
3.18 
2.22 
3.01 
2.32 
4.00 
3.28 



In melon. 



Fei- ct. 
6.67 
6.42 
6.81 
7.53 
7.74 
6.74 
9.64 
8.75 
7 09 
7.82 
6.60 
6.34 
6.24 
5.38 
4.67 
3.60 
4.68 
3.65 
5.66 
4.26 
6.33 
7 27 
5.62 
6.34 
1141 
4.35 



In juice. 



Per ct. 
.500 
.388 
'.485 
.533 
.648 
.363 
«754 



.482 
.550 
54a 
.545 
.444. 



.643 
513 
.537 
.474 
691 
.789 
.836 
. ?43 



Fer ct. 
5.48 
5.33 
5.42 
6.79 
6.11 
5.13 
7.85 
7.38 
5., 74 

. 7.32 
5.36 
4 44 
4.12 
3.77 
3.24 
3.81 
4.36 
2.70 
5.03 
3. 19 
6.47 
7.25 
5.09 
4. 99 
8.55 
4.94 



Per at. 
.410 
382 
.443 
.523 
.590 
.413 
,705 
,,573 
'.■437', 
,;460 
.536 
„,' ' . 523 
„418 
: '..423 
.396 
: .524 
: . :484 
432 
478 
.467 
.671 
"708 ' 
.689 
713 , '. 
.749 
623 



CO 



Arialyses of yjater-melons. 



00 



Variety. 



Gipsy 

.....dp..... 

......do... 

......do. 

do...... 

do........... 

Rattle-snake . 

...... do...... .... 

Joe Johnson . . . . . 

......do..........: 

......do........... 

......do........... 

Ice-rind .... . . 

......do.. 

......do........:.. 

......do........... 

J..... do....... 

......do.;... 

do.. 

......do........... 

.do........ ... 

do 

Gray Taylor 

do . 

Hough and Ready 

do. 

...... clo.. 

.....do..-. 

.....do..... 

...:.do...... 

.....do 

.....do... ... .... 

Cuban Queen . . . . . 

.....do.. 

.....do....:....,.'. 

.... .do. ., .. 

.... .do. 



Date. 



Meat.. 
Rind.. 

'Meat.. 
Rind., 
Meat. . 
Rind.. 
Meat.. 
Rind.. 
Meat.. 
Rind . . 
Meat.. 
Rind.. 
Meat. . 
Rind.. 
Meat, . 
Rind.. 
Meat, . 
Rind.. 
Meat. . 
Rmd.. 
Meat. . 
Rmd.. 
Meat. . 
Rind.. 
Meat. . 
Rind . - 
Meat.'. 
Rind.. 
Meat. , 
Rind.. 
Meat. . 
Rind.. 
Meat. . 
Rmd.. 
Meat.'. 
Rind.. 
Meat - - 



"Where grown. 



July 3i 


North Carolina .......... . 


July 31 


do 




' ' ' ' * " ■ " ■ 


Aug. 1 


do 


Aug. d 


' ' " " " 


■"-^a • ^ 


do * ' ' 


Aug. 4 


Georgia ...... ... . ... .... . . 


Aug. 4 


.... , .0.0 ... . .. . ., . . 


Aug. 5 


Maryland .................. 


Aug. 5 


' • • ■ ■ , ■ ■ • ■ ■ ■ "-• • ■ • • 


Aug. 6 




Aug. 6 


^ *• * • • • 


Aug. 7 


ibastern bhore , 


Aug. 7 




Ann- 1 1 
AUg. 11 


do 


Aug. 11 




Aug. 11 


Fort Ward 


Aug. 11 


— . .d® . . . . . . . ... . . . . .... . . 


Aug. 12 


Anacostia 


Aug. 12 


......do 


Aug. 13 


Prince George County, Md 


Aug. 13 
Aug. 14 




West Shore, Va 


Aug. 14 


do 


Aug. 15 


Norfolk. 


Aug. 15 


.l....do 


Aug. 17 


......do 


Aug. 17 


. . . . . do . . , 


Aug. 18 


' ,", do.......'.' 


Aug. 18 


......do .. 


Aug. 19 


......do 


Aug. 19 


......do 


Aug. 20 


Benning's Bridge, D. C . . . . 


Aug. 20 




Aug. 21 


!'";''do;!!;!!!;;!'*!!!!!!;; 


Aug. 31 


. .....do 


Aug. 22 





Grams. 

8,515 

'6,' 630 



8,060 

7,* 575 
'9,526' 
'9,456" 
'9,371 ' 

s,m 

'7,' 690' 
"8,' 674' 

is," 375' 

i2,*64i" 

n,m' 

aim 

12,' 917' 

ii,'839* 



I 



(Gravis, 
1,'870 
1,523 
1^755 
1,528 
1,745 
1,501 
1,860 
1,990 
1,701 
2,024 
2.053 
1,551 
2,502 
2^296 
2,536 
2,197 
1,448 
2,797 
2,052 
2,217 
2,473 
1,525 
2,245 
2,252 
4,160 
2,265 
4,012 
2,227 
3,120 
2,265 
2,905 
2,614 
3,521 
2,935 
3,489 
2,232 
2,337 I 



Grianis. 
1,476 
1,259 
i,440 
1,288 
1,256 
1,125 
1,490 
1,527 
1,337 
1,451 
1,579 
1,294 
2,159 
1,941 
2422 
1,817 
1,194 
2,315 
1,683 
1,864 
2,166 
1,301 
1,868 
1,874 
3,64i 
1,851 
3,403 
1,744 
2,607 
1,568 
2,517 
2,183 
3,076 
2,490 
2,882 
2,134 



Juice, meat, said 
rind. 


S-i - 

' s 
0%. 

1' 


Temperature, C. 


Filtered 3 dice. 


.. Whole melon. 


Sucrose (po- 
lariscope). 


Glucose. 


Total solids. 


Ash. : 


Albuminoids, 


Total solids. ' 


''<" ■ 


Per ct. 






P. ct: 


F.ct. 


P. ct. 


p. ct. 


Per ct. 


Perct. 


1 , ct. 


77. 32 


1.016 




1.31 


3. ro 


5. 70 


,."251 


. 3063 


5, 06 


• . 346 


, 82. 66 


1.008 




1.27, 




3. 54 


.317 


, 2500 


6. 04 


.467 


82.28 


1.015 




l.,35. 


3. 42 , 


2. 01 


.324 


.1625 


6.05 


.300 


84.92 


1.007 




.39 


3. 92 


3. 11 


. 408 


. 1625 


■ 4.70 


,' , 552 


71. 56 


1.017 






3.60 


4.71 


.150 


.1375 


5.58 


.215 


74.95 


l.OlO 






2. 35 


2. 33 


.159 


. 1187 


5.04 


. 302' 


80. 10 


1.015 




i'.m 


3. 92 


4. 37 


. 234 


.1813 


4.95 


' ■'. 2^'0 


76.73 


1.008 




. 50 


2., 22,', 


2. 73 


. 385 


.2500 


. 4.37 


. 397 


78.60 


1.018 








5. 37 


221 


.2563 


6.39 


.236 


71.69 


1.010 








2. 90 


.316 


.3^'50 


5.01 


. 395 


76. 91 


1.017 




'i.'67* 














83.43 


1.006 




.53 




7.72' 








...... 

.321 


86. 29 


1.037 




2.83 




.265 




' '7.7*2 


84.54 


1.012 




.40 




3. 92 


.442 




5.03 


.459 


83.67 


1.027 


25.' 5' 


2. 07 




7. 63 


. 282 




7.63 


.271 


82.70 


1.015 


26 


.05 




5.34 


.494 




5.34 


. 5l0 


82.45 


1.030 


26. 5 


1.36 


5.43 


7. 84 


.282 




8. 50 


. 272 


82, 77 


1.016 


27 
28 




3 84 


4. 18 


409 




5 94 


.449 


82.82 


1.025 


2.19 


5!oO 


6.29 


^201 




9*35 


. 260 


66.79 


1.010 


28 


.26 


2.45 


2. 79 


.402 




4.58 


.376 


87.59 


1.025 


29 


1.76 


5.00 








5.25 


. 182 


76. 87 


1.014 


28 


.22 


2.84 


*7."i6" 






4. 52 


.538 


83.21 


1.031 


27 
26 


2.79 


5.32 


'.189'" 




8.32 


.235 


83.22 


1.016 


.41 


3. 68 


3.94 


.416 




5.27 


.411 


87.55 


1.025 


23.5 


1.53,, 


4.58 


6.14 


. 233, 




6.15 


.279 


81.72 


1.010 


23. 5 


.23 


2. 15 


2. 69 


.'339 




3.88 


,401 


84.65 


1.022 


23' 


1.37 


4.24 


'5.07' 


. 2G3 




7. 88 


.306 


78.31 


■f Mf\ 

X. y/W 


24 


'AG'- 


,1.88 


4.40 


.,4.80 




5.60 


' .485 


83.54 


1.016 


25.5 


.95 


3. 84 


4.03 


. 360 




5.81 


.258 


69.26 


1.009 


26 




l.,89 ' 


2.49 


. ^i31 




5.24 


.472 


84. 65 


1.028 


26 


'2." 55" 


'4. 62 


7. 81 


."233 




9.13 


.'274 


83.51 


1.013 


26 


.81 


2., 05 , 


3.00 


.569 




5.42 


.563 


87.30 


1.029 


37.5 


2; 17 


4.1Q 


7. 35 


. 398, 




8.75 


.293 


84.84 
82.60 


1.012 


27' ; 


.39 


2. 40 


3. 07 


.433 




4.56 


.445 


L029 


25.5 


,3. SI 


5. 00 


7.m 


. 285" 




5.80 


. 335 


95,60 


J. 012 


27 , ■ 


.43 


2. 43 


3. 41 


.530 




' . ^.es 


.485 


88.15 


1,027 


28 


1.61 


4.115 


6.37 


.250 




7.40 


.300 



40 
41 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 



Mo. ........ 

......do......... 

.. ...do......... 

Black Spanish . 

. . — do 

do......... 

do......... 

......do.'...', . 

......do. ....... 

:....do... ..... 

■ ... do......... 

Cuban Sweet... 
.....do......... 

do......... 

.....do......... 

.....do:... 

do......... 

do 

doi. .. 

Means 

Means. . . l . 



Rind:. 
Meat. . 
Rind.. 
Meat. . 
Rind . . 
Meat. . 
Rind . . 
Meat.. 
Rind.. 
Meat.. 
Rind. . 
Meat. . 
Rind.. 
Meat. . 
Rind.. 
Meat.. 
Rind.. 
Meat. . 
Rind.. 

Meat. . 
Bind.. 



Aug.; 
Aug. 
Aug. 
Aug, 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Sept, 
Sept. 
Sept. 
Sept; 
Sept. 
Sept. 



.....do 

District of Columbia. ...... 

...do 

....do 

....do...;..,............. 

. ...do 

!!!"do j*"!;! I"!*!!;' 

...do...:.... ...... 

... do 

...do .................... 

Anne Aniridel Oounty, Md . 

...do ........... ..... 

• do .J 

...do.................... 

...do 

...do 

...do 

...do....... 



14,056 
" 11,105 
"io,'548' 
is,' 575 
16^375' 
ii,"662' 
11,695* 
i6;787" 



3,205 
2,870 
3,257 
2,642 
2,374 
2,808 
l;d48 
4,278 
2,318/ 
2,574 
2,279 
2,478 
2,348 
2,882 
2,642 
2,765 
2,454 
2,552 
2,796 



2,634 
2,450 
2,715 
2,351 
1,954 
3,232 
1,557 
3,678 
1,955 
2,331 
1,959 
2,187 
1,897 
2,534 
2, 163 
2,384 
2,068 
2, 116 



81,87 


1.010 


' 27.5 


.39 


2. 85, 


' 3.05' 


' .448' \ 


2,74 


85.36 


1.022 


28. 5 


1. 93 


4.09 


5.53 


.189 




8.13 


82.74 


1.007 


28, ' 


.84 


1. 85 


'1.78, 


.354 




3.26 


88.98 


1.029 


29. 5 


1.34 


6-58 








8.05 


82.30 


1.014 


29. 5 


.44 


4.85 








6.25 


79.48 


1.020 


24 


1.26 


3. 93 








8.46 


79.93 


1.012 


21 


. 17 


1.63 


2.' 94" 


'.'217' 




4. 13 


90.64 


1.025 


20 


1. 67 


4.09 


8.72 


. 559 




8.21 


84.34 


1.016 


21 


.18 


3.03 


6,82 


.239 




5.16 


90.55 


1.028 


' 22. 5 


2.43 


4.42 


8.04 


. 508 




8.59 


85.96 


1.019 


22.5 


.58 


2.35 


5.09 


. 371 




5.70 


88.34 


1. 033 


24 


1.97 


3.45 


6.34 


.'503 




8.29 


80.79 


1.018 


23.5 


.37 


3.03 


3.84 


232 




5. 13 


87.93 


1.031 


23 
23 






4.85 
2.92 


.539 




,7. 17 


81.88 
86.22 


1.017 






250 




5.28 


1.031 


21.5 


3.26 


3.06 


7. 99 


.549 




8. .54 


84.27 


1.014 


22 


.29 


2.37 


3.58 






4. 70 


82.92 


1.033 


23 


4. 19 


4.06 










79.86 


1.016 


24 


.03 


2.90 










....... 






1.92 


4.33 


















9 A*? 











.308' 

\2Q2 

.244: 

.328 

.368 

.301 

,594"'' 

.252 

.463 

.250 

.663 

.268 

.445 

.254' 

.680 



&S "' 

o 

o 
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Q 
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ANALYSES OF APPLES. 



By KiCHAEDS. 

During September to October,^ an inYestigation was nnde- 
takeji by tlie force in this Piyision to stndy the changes nndergone by 
apples in drying. Some 22 samples of apj)les bought in the local 
23a.arkets were analy^ed^ and the results will be found in the annexed 
table. ^ 

From 5 to 10 apples were taken for analysis * the fruit was weighed^ 
then pared in an ai^ple-parer, and reweighed. The peeled apples were 
cored by the ordinary culinary instrument for that purpose, then sliced 
up, a weighed quantity taken for drying, and the remainder used 
for the analysis of the fresh fruit. The sliced fruit was thoroughly 
/ mixed, so as to obtain a good average sample. 

The drying was conducted in tbe large steam-OTen at a tempera- 
tiire of 60^ to 70"" 0, for twenty-four hours, care being taken to haYe 
a good circulation of air passing oTer the wire-gauze trays in which 
the samples were kept, in order to conform as nearly as possible to 
tbe usual metliod pursued with commercial fruit-eTaporators. By 
this treatment an average of 96.03 per cent, of the total moisture 
contained in the sample ¥7as driven oif. 

After drying the fruit was reweigbed and placed in glass-stop- 

Sered bottles, to prevent the sample from absorbing moisture^ as the 
ried fruit was found to be quite liygroscopio if exposed for any 
length of time to the atmosphere. - 
On the fresh sample the following determinations were made: 
fl) Loss on drying to constant weight at 110° C. 

(2) Sucrose by extraction. 

(3) Glucose by extraction. 

m Fiber, / - 

(5j Total solids and ash. 

(6) Albuminoids by drying at 110° C, but not to constant weight, 
and combustion with soda-lime. 

(7) Malic acid with -g: soda. 

(8) Specific gravit^^^ of the entire apple. 

There was much difficulty in obtaining a suitable solution for the 
determination of the sugars by polarization or with Fehling's solu- 
tion, as digestion of the sample with water in a closed bottle was 
found to dissolve the pectin, which rendered filtration, either under 
pressure or through paper, almost impossible. Glass wool, asbestus, 
nnen, and charcoal were also tried, but unsuccessfully. The follow- 
ingmethod was finally adopted : 

/ A weiglied quantity of the sliced apples was digested for an hour 
in stoppered bottles, cooled, and the bottles then filled to the mark, 
250 cubic centimeters ; 20 cubic centimeters of the somewhat gummy 
solution was taken with a pipette and diluted to 100 cubic centimeters, 
and with this latter solution the determinations were made with 
Fehling's solution as usual. \^ 

The use of the polariscope was given up, as it was found extremely 
difhcult to obtain a clarified solution, and when obtained the malic 
acid contained in the apples introduced a cause of error into the 
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analysis^ as, according to Allen, it exerts when in dilute solutions a 

Iseyo-rotatory, power. 

Different results were obtained with the same lot of apples when 
worked on consecutive days, though the analysis done on the same 
days agree as fairly well as might bB expected from the variation of 

the samples. ^ ^ 

Inquiries were made of four fruit-evaporator manufacturing com- 
panies in regard to the method of procedure with their machines, and 
the following is a summary of the answers received from them: 

What varieties of apples are usedH 

(1) AH kinds. Acid apples best. A farmer's orchard of many 
varieties— acid or sweety summer, fall, or winter apples—if evaporated 
as they come in season, and previous to packing for market are 
mixed, make a prime article. ^ 

(2) Mce white-flesh apples are the best, 

(Sy The better varieties make the better product. 
(4) For evaporating, the Maiden's Blush, Smith Older , Rome 
Beauty, Ben Davis, Baldwin, and Northern Spy are recommended. 
How are apples prepared for the evaporat^^ 

(1) Almost entirely by machines. (These machines will pare, core^ 
and slice the apples in one operation, and in the catalogues sent by 
the companies several varieties are illustrated.) The fruit is pared, 
cored, and sliced at one operation, and done very expeditiously and 
cheaply. The apple is thus divided into uniform pieces, or rings, 
dries uniformly, and the trade in evaporated apples is almost exclu- 
sively in this kind. 

(2) Either by machine or hand. Machine pared are thebest, as the 
machine will slice the apple all the same thickness. 

(3) The apples are prepared with a machine; pared, cored, and sliced 
into rings in one operation; then the rings are cut through with a 
knife and spread on a tray. When they come from the parer and be- 
fore they are cut apart, they drop into a solution of salt and water, 
says 1 pint of salt to 10 gallons of water. This cuts the gum on 
them and cleans them, and also prevents fermentation, and aids the 
bleaching also. 

(4) The best machines are made with adjustable knives, and pains 
should be taken to adjust them so that they will not slice or ring the 
fruit too thick. Trim all bruises or specks; bleach as quickly as pos- 
sible after they are prepared, and get into drier as quickly as possi- 
ble. If not convenient to bleach as fast as prepared, fruit will keep 
brighter by throwing it into a tub of salt water until ready to bleach. 
(The bleaching is done either in a wooden box or in a special machine 
for the purpose; the object being to subject the fruit to the action of 
sulphur fumes; care being taken that this action is not too prolonged.) 
Evaporated fruits, especially apples and peaches, command a better 
price in the market when bleached, and it is conceded by all that the 
Dleaching process not only improves the fruit in appearance, but in 
flavor and quality. The bleacMng process consists in subjecting the 
fruits to a bath of sulphur fumes before evaporating. Fruit, especially 
apples, when cut and exposed to the air, becomes discolored or oxi« 
dized; the object of bleaching is simply to bring back the natural 
color. The sooner this is done after the fruit is cut the better; in fact, 
if we could put the fruit in the evaporator as soon as cut it vfould 
not be necessary to bleach it. The process not only brings back the 
natural color to the fruit, but also fixes the" flavor. There is danger 
of overbleaching, in which event the smell and taste of sulphur can 
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"be detected readily. Gare must be exercised as to tlie quantity of 
siilpkur used and tiie time tte fruit remains in tlie batit. ^ 
What is the tjBmperature at wM^ 

(1) Averages "between 180° and 250° P. Either extreme "will do 
aboiit the same class of "work. The higher temperature evaporates. 
very much faster, ~ \ . - - 

At aboiit 180^ P. .r'^.: . : - 

(3) 95° to 110° F. ^ ^ : 

(4) The temperature of about 2i)0° F. will be sufficient amount of 
heat. Fres^^^^ will stand 250° F. without burning or scorching. 

How long do they remain in the evaporator before thev are dried? 

/ (1) At 180° F., about 3 to 5 hours. At 250° F. , about 2 to 3 hours. 

. This supposes the evapor to be full of fruit and worldng full 
capacity. In experimental work, with but little fruit and moisture 
ill machine, in absence of full charges of frnit the slices will dry in 
30 to 60 minutes, , but this would not be the case in practice when 
working for profit or on a business basis. 

^ (2) This depends upon the kind of f ruit that is used; some apples 
are more susceptible to ev%oration than oth^^^^^ The average time 
would be 3 hours. 

(3) They remain in the trays in the evaporators about 3 to 2-^ 
hours. - 

- How much weigl^^^ 

(1) "Varieties differ considerably. Summer; and early fall apples 
ordinarily yield in evaporated product 4 to 5 pounds. An average 
for winter apples would be 5 to 6 pounds. Some varieties of winter 
apples will yield 7 pounds, a few varieties, among them the russet, 
as, much as S pounds. In this connection the degree of dryness enters 
as an important factor. Briefly stated, a fair average winter apple, 
economically trimmed, i, e. , pared, cored, and .sliced, will yieff 6i 
pounds of evaporated fruit dry enough to pack and keep with safety 
for years. MMy packers sprinkle their fr water before 

packing and considerably increase the weight. This practice is not 
commendable. The following experiments have been made: 

Data ohtaine^^ 

Pounds, 

Weight of one-half a bushel peaches. , . 22^ 

Weight of pared fruit . . . . ....... . . . . .... ..... . ,. .... . . . . . , . . ... , . . 19 

Weight of seeds and pairingjs .\ . . , . ... . .... . .-. .......................,.!.'* 3^ 

Evaporated product of above, 
^ ~ . Pounds. 

Pared fruit ... .... . , v . . . ... , . i . . ,\, . . .:. ..... . . ....... . ,- . . . i . 3| 

Seeds and parings . . . , . . . . . , . , . . . . , . . , . . ... . . . . . _ . . . , . . . . . . , . . , . ' . ' 

Data on one half hiishel medium-'Sized fall applesk ^ 

¥7eiglit of one-half bushel apples 1 9^ 

Weight of pared, cored, and Bliced fruit. ... ...... .:. . . .: ! ! 

Weight of coreb, parings, and trimmings, , . . . ..... , . .\ , . . * ] 

; : Empovated product of above. 

Pounds. 

Pared fruit . . ... ...... . . . . .... ..... 

C^es, paxings, and trimniings> 1 . \ ,[ i| 
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Data on one fourth bushel of apples^ small, pared^ and quartered. 

Pounds. 

Weight of 1 peck Hi 

Weight of evaporated fruit l4 

Weight of evaporated trimmings -| 

(2) One bushel of api^les will make from 6 to 7 pounds evaporated 
apples. The average is about 6 pounds to th^ 

(3) Green apples weigh from 56 to 60 pounds, and the evaporated 
iit)diict about 6 pounds when done. The loss in actual weight would 
e about 50 pounds. They would weigh, after being peeled, sliced, 

and cored, about 35 pounds to the bushel, losing in the evaporation 
about 29 to 30 pounds; this is all water. By this process we save 
the saccharine qualities of the fruit. 

(4) The time required to evaporate the different kinds of apples 
varies. In the folio wing table each variety of apples was kept sepa- 
rate, and the result is as near an average as^ can be obtained on a 
large quantity evaporated. The difference in weight of any one 
variety is owing largely to the difference in the state of maturity. 
We also give the average time required to evaporate. 



Varieties. 



Weight per 
bushel of dried 
fruit. 


Hours required 
to evaporate. 


Pounds. 




8^ to 9 


3.30 


6i to 7 


3.00 


5| to ^ 


3.00 


6 to 7 


3.15 


^ to 6 


4.00 


6^ to 6 


a. GO 


5^ to 6 


2.45 


4 to 5i 


3.00 


4 to 5 


2.45 


4 to 5j 


3.00 


4 to 5 


3.00 


5 to 6 


3.15 


5i 


3.35 



Ro^Kbury nigset, 
Spltzenburg .... 
Greening ... — 

Baldwin 

Eiiig. 

Fall pippin ..... 
Sweet 

Twenty-ounee . . 
GiUifiwer ...... 

Holland pippin , 
Seek no further 
Belle flower. . 

Average . . 



It will be seen from the above extracts that the actual methods - 
adopted by the different companies do not differ very much, being 
more or less modified to suit the requirements of their own machines. 

In drying the apples in the laboratory no attempt has been made 
to bleach, as we are not making any commercial article, but wish to 
conform as nearly as possible with the general practice in regard to 
temperature used in drying, &c. 

33 AG— '86 
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Analysis of cored and peeled tipples, ' 

GENE11AL-:DATA. - 



Variety. 



Smokehouse.. . 
Smokehouse. . — 
New YorlLpippins. 
New York pippins, 

same lot . , 

fimokeiiOiise, . . . . . 

Fallpippias.. ...... 

Fall pippins, same 

lot:. ...... ... 

Smokehouse. ; .. .-. 
Smokehouse, 

same lot........ 

Maiden's blush . . . 
Northern spy..... 

Beri Davis 

Eing:. ........... 

Smith's eider . . 

Banibo . . 

Blush pippins. .... 
Paradise sweet . . , 
English redstreab, 
Winesap ..... — 

Nonesucli 

Golden pippins . . . 
Lobster white I. . . 
Virginia crab- 

applo .......... . 



Date, 



Sept. 22 
33 

; _24; 

26 
28 



Get. 



8839 
8684 



838a 



.8285 
.8636 



.8723 



.8118 
.8302 
.7919 
.8461 
. 7649 
.7915 
.8260 



.8295 
.8164 
.8084 

.9197 



Weight in gi-ams. 



1,CS9 
1,486 
2,095 

1,845 
1,464 
1,889 

1,417 
768 

548 
609 
1,910 
1,466 
1,363 
1,301 
1,221 
1,022 
1,416 
1,698 
954 
986 
2,004 
914 

943 



1.S33 
i;270 
1,815 

1,590 
1,244 
1,122 

1,384 
(t) 

4G7 
(t) 
1,631 
1,266 
1,163 
1,108 
1,049 
877 
1,260 
1,480 
'732 
616 
1,703 
7;>r 



1,107 
1,028 
1,703 

1,471 
1,150 
1,059 

1,189 
573 



460 
1,524 
1,161 

1,063 
1,004 
960 
856 
1,160 

I,3;i4 
671 
721 

1,584 
615 

605 



9M 
216 
250 

252 
203 
157 

174. 
tl95 



il49 
267 
200 
200 
186 
166 
160 



,173 
170 
301 
187 

173 



24Q 
116 

109 

83 
57 

67 



101 
94 
100 



47 
92 
196 
111 
95 
119 
112 

165 



B 



532 
501 



749 
S53 
538 

m. 

171 

204 
225 
730 
660 
537 
493 
458 
412 



041 
350 
725 
314 



m 

115 
110 

190 
147 
86 



35 
112 
-83 
84 
75 
75 
60 
101 
109 
64 
57 
12:) 
44 

47 



OmaiNAL SA?JPLE. 



Variety. 



Smokehouse ....... ... 

Smokehouse^ . . . . . . . ....... 

New York pippin . . ..... . . 

New York pippin, same lot 
Smokehouse .............. 

Fail pippin, 

Fall pippin, same lot , .... . 

Smokehouse 

Smokehouse, same lot 

Maiden's blush, ; 

Northern spy ....... . , 

Ben Davis . . .......... ,\ . :. 

King....... 

Smithes cider . . , 

Rambo. . . , . 

Blush pippin .............. 

Paradise sweet , 

EngHsh redstreak, ........ 

Winesap 

None such....... ....... 

Gokion .pippin . . . . . . . . . 

Lobster white . ........ 

Virginia crabapple . . . . 

Average...., 



Date. 



si 
II 



Sept. 22 



29 
30 

Oct. 1 
2 

S 
5 
-.7 
8 
9 
10 
12 
15 
17 
19 
20 
21 
23 



P a 



P. cL 
86,47 
86.07 
87.83 
86.11 
85. 6;^ 
WAS 
87. 19 
86.87 
87.74 
88.00 
88. 57 
85. 83 
85, 89 
86,51 
84.60 
66.83 
85.32 
86.57 
83. 45 
8&.42 
87.05 
89.40 
86. 35 



r. c^ 
13.5a 

13. D3 
12. 17 
13.86 
14.40 
13.82 
12.61 
13. 13 
12.28 
12.00 
13.43 
14. 14 
14, 11 
13,49 
15,40 
13. 17 
14.68 
13.43 
16.55 
-14.58 
12.93 
10,60 
13.65 



13.65 



P.ct 

.298 
.2o4 
.302 
.324 
.404 
.835 
.354 
.281 
,262 
.245 
.291 
.283 
.231 
.275 
.295 
.353 
.235 
.325 
.279 
.228 
.249 
.255 



P. c t . 
,112 
.094 
.131 
.094 
.088 
.094 
.131 
.131 



.069 



. 138 



.100 
.081 
.131 
. 131 
.088 
.175 
.150 
,131 



.111 



P. ct. 

m 
P 

ii) 
(§) 
(I) 
1.78 
2.60 
.84 
.40 
.94 
.15 
2.50 
.95 
.64 
1.98 
- . 22 
2.94 
2.29 
2,38 
1.16 
2.23 
S. 81 
2.53 



P. ct. 

m 
m 
(§) ■ 

^1 

8.62 
7.40: 
8.6 

10.30 
8.80 

10.25 
8.00 
7. 55 
8.32 
9.67 
8.43 
7. 52 
8.63 
9.40 

10.8 
7.69 
6.89 

10.24 



l.o3 



8.73 
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Analysis of cm^ed and peeled appks-~OQ 
DBIIJD SAMPLE, 



3870 

- 38ri 

■ -8872 
3875 
3874 



8877 
- 3878 
3879 
3880 
8881 
3882 
'38SS 
-3884 



3890 



Yariety. 



Smokehouse 

Sraoketiotise ... . . ........ 

New York pippins 

New York pippins^ s^me lot . 

Smokehouse , 

Fall pippins . ; . . , . ....... 

Fall pippins, same lot 

Smokelious© . . . . /. . 

Smokehouse, same, lot . ... . . . 

Maiden ^s blusli . 

Northern spy 

Ben Davis 

King.:.... - 

Smith's cider 

Ramho ... 

Blush pippin ............. 

Paradi>e sweet * . . . . 

English redstreak 

Winefap 

Nonesuch 

Golden pippin 

Lobstt white . 

Virginia crabapple , ..... 



Average . 



Sept. 



Oct. 1 





















^ ft 


,Moist 


Total 



Per ct. 



12. 43 



13.73 
11.18 
14.18 
13. 14 
TM 
10.49 

mil 

14,54 
13.85 
16.63 
17.45 
14.43 
16.48 

8. 13 
15. 44 

9.06 

13. 90 



Per ct. 
81.47 



80. 6a 
84.78 
86.37 
88. 82 
85. 82 
86.86 
93. 70 
89. 51 
83.89 
85.46 
86.75 
83.37 
82.55 
85. 58 
83. 52 
91.87 
84.66 
90.04 



86.04 



Per ct. 



1.697 



1.901 
1.858 
2. 066 
1.709 
1.27'5 
1.554 
1.518 
1.508 
1.587 
1.534 
1.795 
1.40i 
1.755 
1.305 
1.571 
1.603 
1.360 
1.266 



1.601 



Per ct. 
.838 
.419 
. 663 
.594 
.313 
. 838 
. 875 
1.280 
1.500 
.525 

.m 

.700 
.944 
.525 
.594 
.700 



.806 
1.050 
.525 
.875 

i.m 



.750 



Per ct. 

(.%} - 

7.30 
10.85 

3. OS 
Lost. 

3.30 
14.77 
"8.03 
14.12 
9.77 
4.47 

4. '41 
12.80 

7. 67 
12.41 
11.88 



8.91 



Per ct. 

m ■ 
(s) ■"■ 

ii) - 

44.40 
54.05: 
66. 13 
58.60 
59.10 
54.06 
54. 16 
51. 07 
55.67 
68.82- 
62.34 
48.54 
52, 35 
47. 61 
44.93 



54.12 



♦Same sample. 1 Not taken. t And cores. § Not enough filtered solution for estimation. . 

The average composition of the original and dried samples of the 
eored and peeled apple:; is as follows: 



Constituents, 


Original. 


Dried. 


Moisture.^......,,...., y.. Per cent. 


86.43 
.111 

1.53 
8.73 


13.90 
7. 50 
8.91 

54.12 


: Calculating these results to moit>ture-f ree substance we obtain: 


Constituents, 


Original. 


Dried. 


Sucrose Per cent. 


.82 
11.28 
64.33 


.87 
1Q.35 
62.85 



This comparison shows that there is practically no change nnder-- 
-gone by the fruit in drying beyond expelling the moisture. ^ 



EXAMINATION OF MEATS. 
By a. E. Knorr. 



^ The samples of different kinds of meats were obtained in open mar- 
ket, and therefore represent a fair average of the home consumption 
of this most important article of food. 

In order to prepare the meat for analysis the fat, bone, gristle, and 
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flesh were caTefiilly separated and tlie weight of each ascertained^ in 
order to show the reiative proportions of each of these constituents ■ 
in the different kinds of meat and different portions from the same 
animal. The flesh was then put through a sausage-grinder, care be- 
ing taken to get as little of the tendons and fasciae in as possible. 

Of the meat thus prepared a sample was taken for analysis, which - 
was made in the following way : 

Toiar^o Zi'd5.~Eive grams were weighed out in a light glass cap- 
sule and dried over night at a temperature of from 10G° to 105° G. The 
difference between the original weight taken and the total solids ob- 
tained represents the total water. : 

i^'^ai.-— The dry sample of meat was then extracted in a Soxhlet 
apparatus over a weighed flask with ether. 

Alcohol extract — The alcohol extract was obtained from theresi- 
- due of the fat determination in the same manner. This extract con- 
tains the noD -albuminoid nitrogen, as kreatin, kreatinin, sarrkin, xan- 
than, inocenic acid, and urea;. aeids of . the fatty series, as lactic, bu- 
tyric, acetic, and f ormic, and glycogen and iiiosit. The quantity of 
most of these constituents is extremely minute, and some of them, 
like glycogen, are normally found only in certain organs, as the liver, 

&C. - _ _ ~ - ^ : . 

Nitrogen in extracted rneat.—TljQ extracted meat was then burnt 
with soaa-lime, and the nitrogen thus obtained represents all the 
albumen and the albuminoids; fi^^ sheaths and fibers of the 
muscle. 

Total nitrogen,-— A sample of .5 gram of the meat was also burnt, 
-giving the total nitrogen, amide, and albuminoid. 

Total asfe. --Another sample of 5 grams was dried in a tared plat- 
inum dish and weighed, in order to chock.thc Hist determination of 
total solids. It was then incinerated, the asii weighed, and the total 
phosphorxG acid determined therein by the ordinary molybdate of 
ammonia method. 

(jfefm.--- Another sample of 5 grams was crushed to a fine pulp in 
a porcelain mortar and repeatedly percolated with cold water on a 
-tared filter. After complete exhaustion the filter was dried and the 
residue weighed as glutin. This represents tbe nitrogenous principle 
of the muscle fiber, and the sheaths of the same. The fiber of the 
muscles is soluble in dikite liydrocliloric acia and In the. digestive 
fluids of the alimentary canal, whereas the muscle fiber-sheaths are 
soluble in boiling water, yielding gelatine. 

Soluble albuinen.—Tlie filtrate from the glutin was heated to boil- . 
ing in order to precipitate the albumen, which was filtered through a 
tared filter, washed with liot water, dried, and weighed. 

Extract: — The filtrate from the soluble albumen was evaporated 
to dryness and: weighed. This extract, on tlio whole, would approxi- 
mately represent the same principles as the alcohol extract. 

m OT^raci;— This was determined in the usual manner by in- 
cinerating the extract, and finally a determination of the phosphoric 
acid in the extract was made. 

These examinations were begun with the expectation of making a 
thorough study of American fresh, salt, and canned meats; but more 
important work compelled the abandonment of the plan, at least for 
the present. ; ' : 

The analyses, however, show some of the more important JUitritivQ 
rajues of the ordinary meats exposed in our marlcets. 



Table of imat analyses^ 









K 


o / 






o 


o 


o 










in 




In wat«r ex- 






111 resMue from 


6 


1 


Sample. 






® 3 


11 








■•^ . 


•£1 


1 

DQ 










® 


tract. 




hoi 

not 


alcoholic ext. 


S 
« d 


, . §, 




ft 


o s 
-p, 


Jz; 






© 




® So 


O 


i 
< 




•1 


•§ ^ 




; 

Asn. 








Isit. 


Alb, 




■da 

H 








Cents 




■ ■'■ ■■■ 
Gms. 


Gms. 


Gms. 


Gms. 




P. ct. 


p. ct. 


P, ct. 


p. ct. 


P. ct. 


P. ct. 


P. ct. 


Pet. 


Ti J. 

IT. ct. 


P.ct 


Perct. 


Per ct. 


P ct 


Jr. CT, 




2916 


Nov. 13 


10 


5* 




815 


856 


426 


308 


28. 82 


1. iO 


. 40 


15. 64 


1 . 53 


3. 10 


1.16 


.32 


8 15 


2.70 


2.84 


17. 75 


3 24 


20 25 










*33.05 


*3o. 34 


*17. 59 


*16. 72 


28. 92 


1. 14 


.44 


11. 80 


2. 26 


3. 20 


1.07 


.31 


9. 16 


2.75 


'2.57 


16. 08 


3 24 


20 25 




2917 


14 


13 


5^ 


2,384 


1,6S4 


120 


191 


405 


24.99 


1.21 


. 52 


11,93 


2.23 


3. 75 


1.23 


.37 


2. 17 


3.64 


3. 08 


19. S5 


3 ob 


-cJ . VJ 










*68. 54 


*5. 03 


*8.0l 


*17. 00 


25.01 


1.22 


. 27 


13.96 


2.32 


3, 81 


1.22 


.41 


1. 80 


3.61 


3. 08 


19.25 


3 36 


2j 00 


Pork chops 


2918 


17 


13 


4i 


2,006 


842 


515 


552 


78 


33. 48 


1. 32 


. 51 


13, 99 


2. 52 


3. 54 


1, 15 


.48 




3.02 


3.03 


19.25 


3 24 


2'^ 25 










*41. 97 


*25. 62 


*27, 52 


*3. 89 


33. 08 


1.26 


. 55 


15. 32 


2. 47 


3, 55 


1.15 


,49 


1 1 . 55 


3.10 


3.07 


19.18 


3 24 


20. 25 




2919 


18 


18 


4 




751 


459 


aS6 


156 


27. 38 


1.24 


. 49 


15. 12 


2. 10 


3. 7Y 


1.19 


.55 


6 2- 3 


3.27 


2.80 


17.50 


3 24 


20 25 












*42. fi7 


*26. 02 


*21. 88 


*8. 84 


26. 39 


1. 19 


. 52 


17. 12 


2. 53 


3. 75 


1.05 


. 34 


f 


3.26 


2.85 


17.81 


s" 24 


20 25 


Eib roast 


3920 


19 


13 


5 


2, 289 


1 , 333 


560 


128 


258 


27.07 


1. 13 


. 59 


16. 19 


2. 01 


3. 73 


1.12 


.34 




3.09 


2. 97 


18. 56 


3 42 


21 37 




■ 


*57.80 


*24. 90 


*5. 59 


*11.27 


27.04 


1 . 10 


.59 




2. 28 


3. 61 


1.05 


.32 


c' OO 

5. oo 


2.87 


2. 9-; 


18.56 


3 42 


fix. o( 




2921 


20 


13 




2,411 


1,697 


263 


290 


140 


25. 09 


1. 18 


. 61 


14. 8 < 


1. 68 


3. 44 


1.20 


.37 




2. 96 


2.74 


17. 12 


3' 24 


20 25 










*70. 39 


*10. 09 


*12. 27 


*5. 81 


25. 06 


1.34 




15. 22 


1. 70 


3. 21 


1 09 


33 


2. 85 


2 96 


2.69 


16 81 


3 24 




Round roast ... . . 


2022 


21 


15 


6 


2,768 


1,957 


360 


263 


loi 


25, 48 


1. 16 


. 52 


14. 94 




4. 60 


1.08 


!3S 


2 83 


2.67 


2.91 


18.18 


3 36 


21 GO 












*70. 70 


*12. 65 


*9.50 


*6. 53 


25. -40 


1.33 


.52 


13. 49 




4. 05 


1.11 


,37 


3. 08 


2,16 


2. 94 


18.37 




20. 62 


Tender rjb roast. ...... 


2923 


24 


16 


6 


2,412 




655 


223 


217 


28. 81 


1.05 


.46 


13. 93 


1. GO 


3. 50 


.95 


.31 


i . 9D 


2.27 


2.58 


16.12 


3 24 












*53.61 


*27. 56 


*9.45 


*9.00 


2S. 78 


1.05 


.44 


14.67 


2.01 


3. 43 


.90 


.3S 


8. .50 


2.31 


2.58 


16.12 


3*24 


30.25 


Fii'st cut rib steiv. ..... 


3924 


25 


14 


6 


2,825 


1,387 


826 


307 


292 


2;5.88 


1.30 


.32- 


13.05 


1.79 


3.18 


.99 


.31 


5. 06 


2. 91 


3.63 


16.43 


3.42 


21.37 












*48.o9 


*28.88 


*10. 87 


*10.34 


25.78 


1.08 


.44 




1.56 


3. 16 


1.03 


.45 


4.58 


2.93 


2.58 


16.12 


3.42 


21. 37 


Boiind stew............ 


2925 


28 


13 


6 


2,807 


2,015 


206 




531 


25.79 


1.22 


.50 


*ii.'42 


2.89 


3.89 


1.20 


.40 


1.29 


3.68 


3.14 


19.62 


3. 81 


23.81 










*?1,78 


*7.e4 




*18. 89 


25.82 


1.21 


.52 


11.90 


3.00 


4.15 


1.25 


.40 


1.35 


3.71 


3.14 


19. 62 


3. 75 


33.43 




2926 


Dec.l 


20 




3, 181 


1,680 


457 


'"sis 


378 


23.72 


1.17 


.50 


10.82 


2.94 


3. 01 


.94 


.32 


.72 


3.33 


2.83 


17 68 


3.42 


21.37 






*53,15 


*14.46 


*16.39 


*il.96 


23. 82 


1.15 


.52 


11.28 


3.05 


2.99 


.98 


.33 


1.13 


3.47 


2.86 


17.87 


3.64 


22.75 






















26. S9 


1.18 


.49 


13.76 


2.24 


3.56 


1.09 


.38 


4.93 


3.03 


2.86 


17.88 


3.37 


31.04 































* Percentage in origmal sample. 
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^^^ v : : / ^ MISCELLAJ^EQU^; WORK OF THE Dm^ 

Among the large number of snbstances examined and analyzed 
foivthe informatian and benefit of the agTicultnrar classes there are 
biit few which are of snch general interest as to make their pnblica-. 
tion and preservation in this place desira,ble. 

Since the^ pitblication of our last report over one thousand samples 
have come into the hancls of our cheraiBts for examination^ and have 
been reported on with undoubted advantage to the farming commu- 
nity; this, in a large number of eases, being of a negative sort, pre- 
venting many from indulging^m which possessed no basis 
in reason, information in regard to minerals, mineral s]3Tings, coal, 
waste products, &c. 

In addition to. this miscellaneous work, a: systematic study of the 
methods of detecting food aditlteration, condiic^ the manner de- 
.scribed under Dairy Products" and "'Condiments and Spices is now 
making with baking-powders, teas and coffees, ciders, beers and native 
wines, flour and meal, &o. 

These studies are not sufficiently completed to be described in the 
present report. 

The work of the division is constantly increasing, and both the 
necessities of a large laboratory and the comfort of those engaged in 
other parts of the building require that a new building shou^ be 
provided for the chemical work. 
Eespectfully, 

H. W. WILEY, 

■ - - ; : Chemist 

Hon. Kgrman J. Colma^, 

Commissioner. 



E E FO R T 0 F: T tE- S T IT I S T I C I AK 



-Sir: I Iiave tlie lionor to siibmit my ^igliteenth anniial rei)ort as 
Statistician, the first reporting tHe operations of the Division of 
Statistics for 186 5-— -tlie series rnnning.to IS^S, inclnsive^ and from 
1881 to tlie present time. 

The past year has been one of progress in the direction of com- 
prehensiveness and thoroughness in_ statistical work. The n.eed of 
accuracy and reliability in original data is more and more accepted 
as a iiecessit]^/ and the completeness in statistical exposition is more 
generally acknoyfledged. The overwhelming volnme of transpiring 
facts, accumulating claily, and the haste and necessary superficiality 
of their treatment hy the publicists of the time, suggest the desira- 
Mlity of closer analysis and more accurate deduction in statistical 
work. There is possibly an ampler -opportunity and better facilities 
for .progress in this direction^ uiider official auspices, than under the 
limitation of personal eifort and private means-. . An especial respon-- 
sibility, therefore, attaches to Government statisticians, and requires 
at their hands the largest and best attainable results. They are, 
however, subject to the limitation, due to the imperfections^ not to 
s_ay abuses, which inhere more or less in all civil-service systems. 
There is probably a higher degree of impartiality in official statis- 
tical work than in pi^ivate investigation, which is so apt to be under- 
taken for a specific object, to support some hypothesis for personal 
or corporate gain, or' in attempted establishment of a foregone con- 
clusion. It is true that official v/6rk may be tinged with parti- 
sanship or warped by personal prejudice, though the tendency of 
scientific co-ordination of living facts, which bear upon human des- 
tiny and. progress, is towards the truths in all its. clearness and depth/ 
unbiased by extraneous and comparatively imimportant considera- 
. tions.' ' " ~ ' 

The agricultural statistics of this country represent an annually 
increasing volume of production and a constantly widening variety 
of product, rendering the collection of current data difficult and labo- 
rious. Th e difference in rapidity of settlement and agricultural de- 
velopment of the several States and Territories also complicates the 
question of comparative areas and products. 

The corps of county reporters is larger than at any former time, 
Including one chief correspondent and several assistants for each of 
2,258 counties, comprising all but an insignificant portion of the pro* 
duotive territory of the United States. The St^te agents have a&Q a 
separate stafi: of locar assistants, making reports parallel with those 
of the correspondents reportijig direct to the Department, and local 
investigations as required. 

The work of Mr. Edmund J. Moffat has been continued at London^ 
with the aid of consuls at continental commercial centers, withdis- - 
cretion, energy, and efficiency. Monthly reports ha vo been made in 
season for publication simultaneously with domestic crop statistics, 
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Bliowing the crop prospects, ijrobahle surplus or dencieney, of such 
European products as suffer competition from the surplus of the 
United 'St^es. ^ _ ^ ^ 



With increased public appreeiation ot^^^^ statistics, and 

resulting enlargement of ; statistical facilities/ come organized efforts 
to turn to personal account the inf ormationj and practical benefits of 
statisticai collection. This is natural and proper if legitimately done. 
A trade guild, a company, or an indiYidual has a natural and moral 



sellers rather than for general or for public use, but not the right to 
distort, color, or falsify the apparent or obvious truth for purposes 
of deception, mystification, and robbery of producers or others. Yet 
such selfishness will be exhibited in the use of crop-reporting ma- 
chinery, and att^napts to m^^ the public will f ollow, ; 
while gTGed of gain and crdok^^ have foothold in the marts 
of trade. \ ^ . , 

The false estimates of approaching harvests are ];)ut forth with 
more than the energy of conviction, which- brooks no denial or ques- 
tion • and unfortunately they readily gain publicity through promi- 
nent daily and weelzly journals. They serve their purpose like any 
stock- job'bing canard, and are apparently forgotten by the public. 
They may live through one season hj persistent assertion, but never 
till the next. Careful and intelligent people are not deceived by 
them, but the great masses are not experts, and often accept a state- 
ment that is vigorously uttered, and are thus deceived. There is 
ho necessity for such self-deception, as the official reports of this 
Department,- and those of _t]xe State statistical organizations, and of 
newspapers and other croj)-reporting agencies, that are honestly seek- ; 
ing accurate iiifomation,. are while unequai in 

facilities and accuracy of interpretation, to give substajntially correct 
views. These several sources of information would be rniich more 
uniform if the returns were properly averaged with reference to 
quantity represented in each return. An average made from the 
huniber of returns, without regard- to the great difference in the 
quantity of product represented by each, is worthless, and in ex- 
treme instances may be 50 per cent, out of they way ; and yet most 
of the averages published are inaccurate and a misrepresentation of 
the reports of which they are a consolidation. 

The efforts of speculators to profit by crop reports assume various 
phases. In some cases they claim to have superior or exclusive in- 
formation by some prescience or system of crop researches of their 
own, and so large a philanthropy withal that they hasten to make it 
known with telegraphic celerity. In others they seek authoritative 
information in advance of its promulgation. Another class, with 
greater facility and at less expense, invent estimates, claiming them 
to be oflSicial and exclusive^ for instant use at the exchange; Rarely 
they may be good guesses; generally they bear little resemblance to 
the results they assume to present in advance; always they are con- 
scienceless falsehoods in their pretense of origin. ^^Tot unf requently 



trade on data assumed to represent the tenor of the report of the 
Statistician of this Department on the 10th. N"ever have any such 
data been obtained from this office within the knowledge and belief 
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on the 9th of the month 
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of the present iiictiinbeiit. It would be quite as practicable to guess 
sticcessfiiily the result as to obtain it of any subordinates of the office. 

There is also a class of speculators whose estimates of crop condi- 
tions are supposed to coincide with their interests, who are constantly 
seeking to impress their yiews upon the Statistician, and sometimes 
upon the Commissioner. Some may be unconscious of the bias which 
self-interest Inevitably gives their views, and sincere in their depre- 
ciation of the estimates which they deem so viciously destructive to 
the f armer's income (if they Avant high prices), or so inimical to the 
welfare of the great body of consumers (if they want prices low); but 
it exists, as is evident at the time, and proved triumphantly when 
the records of crop distribution show, as they usually do, that the' 
estimates of the Department are very nearly c'orrect. 

WHAT DOES 100 MEAN ? 



Inquiry is often made, by persons who have given little attention 
to crop reporting, as to the basis or unit of percentage returns. It is 
simply the application of the decimal system used in the United States 
as the measure of money, and in France in the metric system, to the 
accurate expression of crop estimates. In comparisons 'of area with 
that of the previous crop, 100 represents the acreage of the previous 
year. In product, the present may be compared with that of the pre- 
vious year, or with an average yield, 100 being the basis in each case. 
In reports of condition^' of growing crops, 100 is the standard of 
full condition, representing perfect healthfulness, exemption from 
injury from insects or drought or other cause, with average growth 
and development. Condition of a crop can never go above 100, ex- 
cept from one cause, unusual or extraordinary development and vigor 
of plant which more than counterbalances any deficiency in the stand 
or other loss. 

As a rule, the existence: of local droughty destruction by storm or 
floods, insect injuries and blights, one or more of those various causes 
of reduction of yield operates to reduce the average of condition in 
the latter part of the season. Some crops are more liable to injury 
than others. Cotton, for instance, in the most northern latitude of 
its production, as in this country, has many enemies. It is a plant 
that needs much sunshine and high temperature, with a moist but 
not saturated soil, and therefore an evenly-distributed rainfall. It 
is also liable to destruction by several distinct species of insects. . 
Therefore the averages are quite sure to fall after the June and July 
investigation, as the results of fruiting are developed sometimes as 
low as 66 in October in the worst years. The average of ten years 
paBtisSO. - 

What does the condition 100 mean in bushels or bales ? This is 
often the impjatient question of one who wants a prediction of the 
harvest, who is determined to know what the fruit will be before the 
blossom, has appeared. It is easy to say, for any region or State, what 
a full crop as represented by 100 should produce, as ascertained by 
records of past production compared with the harvest averages of 
each year. It is easy to calculate the present expectation from any 
reported average. But the crop does not remain stationary, causes' 
of loss are developed from month to month, and the final result is 
below 100, perhaps much below ; and instead of comparing the prod- 
uct with the latest average, inconsiderate persons often insist on com- 
paring it with the record of an earlier month. There is no need of 
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tMs Tinfair comparison ; tt eomes from haste and want of considera- 
tion. Experts m crop statistics find no difficulty in making acGurate 
comparisons. Mr. Ellison, of LiYerpool, the commercial authority 
as to the cotton movement^ has said that he is always able to deter- 
mine qnite accurately the extent of the cotton croj) from our record 
of ayei^ages of Gondition J and yet cotton is the most difficult of all 
the crops to forecast^ because it is a plant that retains in oultivation 
something of its natural perennial character, and continues to grow, 
blossomv and fruit till it is destroyed by frost, the aggregate result 
thus depending on the length of the season, . 

We answer the inc[uiry as to what lOQ means in reports of condi- 
tion, that in a county where a. full crop of corn is 30 bushels^ 100 
means a i3rospect f or a crop of 30 bushels; 90, an expectation of 27 
bushels ; 70, of 21 bushels; and in similar proportion with other per- 
centages. If the county is one in Y/hich 20 bushels is a full crop, 90 
means a prospect of 18 bushels. There are districts where 40 bushels 

/may be taken as a full crop ; in such lands 75 would mean 30 bushels. 
In wheat there are regions where 8 bushels may be indicated by 100, 
land other districts where it may promise 20 bushels. In these in- 

; stances 75 would mean 6 and 15 bushels^ respectively. 

The equivalent Yalue of 100 in a general crop average must, there- 
fore, be calculated with painstaking accuracy and thoroughness from 
the local equivalent values which are elements of this nationaL aver- 
age._ Should the acreage of one year contain a larger proportion of 
poor lands than another, 100 w'ould mean less in cpnsequeiice. It 
seems almost trivial to dwell upon a point that a school-boy in pri- 
mary inatheMati^s plainly see; yet there are persons who 
cannot apparently- understand why 100 should not mean as many 
bushels for wheat as for corn, or why it should have a different 

; mea^sure in different States. Occasionally a newspaper writer, with 
only slightly bucolic leaning, meets with the same imaginary diffi- 
culty, and proceeds to criticise v/hat he fails to understand through 
a faulf all-his own. 

Soma have suggested a report in bushels, t Aside 
from the incongruity of reporting results of the harvest, when only 
condition of an immature crop is intended, it would be impracticable. 
The direct estimates of yield x>er acre, even when made at the time 
of the harvest, are usually inaccurate, being almost invariably too 
high, whether from pride in local fertility or from undue prominence 
given to the areas of the best cultivators. There is less of inaccu- 

: racy, less of unconscious isias, in the returns of condition 

on the basis of iperfect healtM and medium growth. The ex- 

perience of this office is opposed to the substitution of bushels, &e., 
for percentage of -full condition in the reports of the status of grow- 
ing crops.: - 

: ; " '^ , - / THE. .OLD-FASHIONED- PLAN.- . 

The old method, the newspaper plan of crop*reporting in vogue so 
long and still practiced in some quarters, has little of system or 
science to recommend it; yet it assum.es to have a standard of com- 
parison which is an ' [ average " crop. Really an average crop is a 
true average of- the 8.ctual crops of a series of yearn Ten years 
ought to suffice as a basis of average, though probably a truer aver- 
age would require fifteen or twenty. In this Department the average 
of any ten years is found to be very close to that of any other similar 
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period. In wlieat itvaries little frcmi 12 bushels per acre, usually a 
fraction aBove in any period tal^en. Corn yarics little from 2o 
busiiels; Yet there is a confusion of ideas of this term ''ayerage." 
Some^ insteacl of reporting the average of all crops, good and bad, 
refer to an ideal standard of production; a full crop, represented by 
100^ as in our basis of condition. In the course of time averages may 
change with improved cultivation, but the constant enlargement of 
area, by extension of settlement, prevents much change in the United 
States. 

Having decided on what is an average, the old-style reporter makes 
his returns. Instead of precision of expression^ capable of exact 
mathematidar renderings he reports in language like this: Barely 
average ; f airly good ; moderate ; middling ; light ; variable ; very 
poor; indifferent; promising; much above average; very good; 
heavy crop ; and every imaginable form of expression, utterly im- 
poissible of formulation in figures, because nine men out of ten might 
give a different percentage value to nearly all of them. If every re- 
porter were infallible in judgment, his form of expression can never 
be interpreted by others, and therefore what is true in his judgment 
is false as rendered. 

This is so notably the case that, unless the compiler makes a false 
pretense of an ability to interpret language that is inexpressible in 
figures, he contents himself with arrangeraent of returns in three 
classes : one an ' ' average, " one above it, and one below. All that such 
returns can show, therefore, is whether a larger number of persons - 
report above"' than the number reporting below. Should 80 per- 
sons, for instance, report a prospect above average and 70 a lower 
condition, it would popularly be assumed that the crop was slightly 
above average. It might be, unless the 70 below average represented; 
a larger area or rate of yield than the 80, in which case the returns 
would really indicate less than an average crop. As thore is nothing 
to indicate how inuch above or below an average a return may be^ it 
is impossible to know whether the 80 returns mean as much as the 70. 
So this form of return is nearly meaningless. It is not sufficiently- 
definite; it doesnot express such discriminative judgment as is quite 
possible to render. Some reporters, aware of this absurdity, esti- 
mate in definite proportions: half, two-thirds, or three-fourths of an 
average crop. This is correct in jirinciple, but not sufficiently close; 
it is only a little less absurd; for any man of good judgment ought to 
be able to estimate within 5 p/er cent, of the truth, and to discrimi- 
nate more accurately than by jumps of 15 to 25 per cent, in an esti- 
mate. 

Such indefiniteness of expression results from these clumsy methods, 
which foster carelessness and inaccuracy in crop estimates. This 
loose and worthless method of reporting has had its day, and should 
be discarded. 

It can be demonstrated, from experience with statistical returns, 
even when they are mathematically and accurately rendered and con- 
solidated, that there is either tendency to make a full crop the aver- 
age" crop, or else to make the comparison with an ''average'' stand- 
ard somewhat too low. There is a practice out West of comparing 
with a five years' average, i. e., the real average of the good and bad 
crops of the last five years; which Avould be an abnormally low aver- 
age in the case of corn and wheat from 1880 to 1885. As a matter of 
fact, half of such returns appear to be made on the basis of a full 
crop instead of an average of several more or less crippled harvasts. 
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making a bad showmg and tending to a constantly deGlining pro- 
duct. Tlie State retnrns are from this or similar cause of declension 
usually 10 per cent, too low. TMs is so in other countries and by vari- 
ous methods. For instance^ the Agrimltural Gazette of London for 
August 16, 1886, makes the following report of harvest estimates, the 
figures representing the nnmbei\ of retiirns: ^ ^^^^^^^ , 



Returns. 


Wheat. 


Barley, 


Oats. 


Beans, 


Peas. 




11 


49 


26 


51 


45 


Average ...... — 

Under average. . . . . . 




62 
149 


68 
88 


80 
100 


19 

m 


52 
40 


Total number o 




212 


205 


206 


139 


137 







Reducing these returns to their percentage values (on the basis 
of numbers alone, without reference to area represented by each re- 
porter)/ we have for wheat 5.2 per cent, of them over average, 24.5 
per cent, average, and 70.3 under average; a very bad showing, seven- 
tenths being under average, and the remainder scarcely more than 

average. : ^ r^^- ; - ^ - ; - ' 

This for a single year. The returns of a series of years, if aver- 
aged, should give a statement in which the percentage of returns 
above and ' ^ below " should be equal. The same paper gives the 
data for such a test, eight consecutive annual returns, of wheat as 
follows:, : 



Years. 


Over. 


Average. 


Under. 


1879 






hO 


24.0 


75.0 


1880 






13.5 


47.0 


39.5 


1881 






7. 6 


49.7 


42.7 


1883. 






10. 8 
8.8 


40.4 


48.8 






30.8 


60.4 


1884 






42.4 


42.4 


i:..3 


1885 






50.4 


36.9 


12.7 


188e 






5.2 


24.5 


70.3 














189. 7 


.295.7 


364.6 








17.0 


37, 0 


46.0 



Averaging these eight years, only about one-sixth of these returns 
are above an ^"average," while nearly one-half of all are below aver- 
age. Conceding eight years to be a period long enough to construct 
an average, this result upsets the accuracy of the returns and estab- 
lishes the tendency to underestimate. 

The percentages of all other crops show the same tendency except 
those relating to barley. The averages for the period are as follows: 



Crops reported, 


Over 
average. 


Average. 


Under 
average. 




17 

. SB 
23 
23 
20 


37 
48 
43 
37 
44 


46 
'M 
M 
40 
30 












22 


42 


36 





Here the percentage under average " f or the poriod is nearly double 
that of the " over average" returns, when they should be equal. If 



REPORT OF THE STATISTICIAN. 



365 



tlie basis o£ the comparison bad been a full crop (say 100 of reports 
of condition) these returns would have been substantially correct. 
We are therefore forced to the conclusion that the reporters regu- 
larly and persistently underestimate in comparisons with an ^'aver- 
age^^crop; that the real basis of their comparison is a full crop. 

In the Mark Lane ^x^res5 for August 23 there is a statement of 
crop returns made to that paper^ accompanied by a record of returns 
for ten yearSj making a serious under average for the whole period. 
In only three years of the ten is there an '^ over average " in wheat, 
oats, beans, and peas, and only four in barley, while there are seven 
under average years in all except barley. The number of reports or 
^^ advices" in the aggregate of the ten annual returns is 16,418, of 
^diich 33 per cent, are average, scarcely 30 over average, and 47 un- 
der average. In every one of the crops the poor returns largely out- 
numbered the good, as follows: - 



Crops reportM. 


Advices. 


Over 
average. 


Average. 


Under 
average. 




3,833 
3,703 
3,751 
2,597 
3,474 


793 
851 
7'35 
454 
379 


1,106 
1,3S7 
1,410 
732 
800 


1,934 
1,525" 
l,60(j 
1,411 
1,295 












16,418 


3,212 


5,435 


7.771 





The meaning of this is, the crops have been greatly under aver- 
age " in the aggregate for the wlxole period. Either this is an under- 
estimate, or ten years is not a period sufficiently long to make an 
average; yet it is a grave question whether a test of twenty years 
would not show the same result. ; 

It has been a question on this side of the Atlantic whether the 
yields claimed as averages for the several crops of Great Britain are 
not too high. In this country there are acres that produce over 50 
fcushels each of wheat, while the average for the whole crop may not 
be more than 12. It is known that there has been no verification by 
census of the British product. It is made from estimates of rate of 
yield, and all statistical experience in this part of the world shows 
that any set of returns of yield will make too high an average. It is 
feared that the high yields of Lawes and Gilbert's experimental plots, 
and of other reported liberal yields on individual farms, have an 
undue influence m estimates of averages. If a census of yield, like 
that of acreage, should include every holding, and be returned from 
actual measurement, it is very probable that it would seriously shat- 
ter many fancied averages, as it has done in this country. 

CURRENT CROP STATISTICS. 

CORN. 

There is a constant tendency to enlargement of the area in corn. 
It has been doubled in fifteen years, increasing at the rate of two:to 
three million acres annually. The reduction in values has little effect 

in arresting extension of area of maize. It is realized that meats, 
butter, and cheese are safer and more profitable surplus products than 
the bulkier raw products of agTiculture, at whatever rates such prod- 
ucts have beeii ox are liable to be gold. The uges of coro j^re vo^ri- 
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ons, while wheat is restrioted to the consumption of man. This dec- 
ade, so far, has beun a period of low production, of yield below the 
average. Since 1880 there has been only a single year (1885) in which 
the crop has been an average one. The yield per acre has been lower, 
and the price per bushel naturally higher, than in the preceding dec- 
ade, as the price is made in this country, by the pressure of the home 
demand, almost uninfluenced by the foreign demand, which is small, 
and controlled by the economies of feeding, and therefore restiicted 
by high prices in this country. 





i- 








2 








id 


O 










Calendar years. 








II 










1 


r 


r 




^& 




i 






H 








< 








Acres. 




Cents. 


Bxtshels 








1,717,434,543 


6^, 317, 842 


^9,714.499 


39.6 


27.6 


$10 


91 


im 4 


1,194,916,000 


64, m, 025 


759,488,170 


63.6 


18.6 


11 


82 


1,617,025,100 


65,659,546 


783,867,175 


48,4 


24.6 


11 


94 




1,551,066,805 


68,301,889 


658,051,485 


43.4 


22.7 


9 


63 




1,795,538,000 


6[),6a3,780 


640,735,560 


35,7 


25.8 


9 


19 




1,936,176,000 


73, m 150 


635,674,6ii0 


32,8 


26.5 


8 


69 


1886 


1,665,441,000 


75,6&4,JJ08 


610,311,000 


36.6 


22.0 


6 


06 


Total 


11,477,587,538 


479,04d,440 


4,767,836,51S> 
























1,639,655,363 


68,435,634 


681,119,503 


41.5 


S4.0 


9 


95 


A-nnual average for preceding ten 










27.1 


11 


54 




1,184,486,954 


43,741,331 


504,671,048 


42.6 



Thus the average value per bushel for seven years has been 41.5 
cents, against 42.6 for the ten preceding years; and the average yield 
per acre has been 24.0 bushels, against 27.1 bushels for the preced- 
ing period. 

There is a considerable difference in the average value of the crop 
per acre; the comparison standing $9.95 per acre, against $11.54 per 
acre. 

DOMESTIC DISTiaBUTION AND CONSUMPTION. 

The annual investigation of the distribution of corn is made on the 
1st of March, and includes estimates of the proportion of the crop 
remaining on the farm, which constitutes the mam part of the invis- 
ible supply; the ^'visible supplv,'' in commercial phrase, being that 
stored in public elevators. Tne returns also include the estimated 
shipments oeyond county lines, the amount left within county bound- 
aries for consumption or surplus, and the proportion deemed merchant- 
able, showing its comparative quality, and the average local prices of 
merchantable and unmerchantable. 

The crop of the past year, now in course of distribution and con- 
sumption, is one of reduced yield, producing less than the average of 
26 bushels by nearly 4 bushels, though the acreage was larger than 
ever before, and the product only four times exceeded in volume — in 
1879 and 1880 and in 1884 and 1885. It is one of a series of six crops, 
of which only one yielded slightly above the average. These were 
preceded by six crops all above 26 bushels per acre. 

The amount on hand at this date varies with the size of the crop, 
especiall;^ in the twelve States of principal production, and with the 
commercial requirement, of which the fluctuating foreign demand is 
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a small element. THe proportion left on the farm at this date ranges 
from one-third to four-tenths of the crop in diiferent years. After 
the short crop of I880, in March, 1884 the f armers' surplus was SS per 
cent. , and after the great crop of 1885, last March, it was almost 40 
per cent. The present surplus is 36.2 per cent., almost exactly the 
same as that of the 1882 crop, which was a trifle larger in proportion 
to population than that of last year. The present remainder would 
he somewhat smaller hut for the large crop of the previous year, from 
which a larger qiiantity of old corn than usual must enter into this 
surplus. Our correspondents are directed to_ make the last crop the 
basis of the ijercentage of surplus, including in such surplus all the 
grain remaining, of whatever crop. 

It is understood that the quantity of corn required for consumption 
is not an absolute, invariable quantity, other feeding material Being . 
used with corn, and if necessary as a partial substitute for it; and yet 
the quantity used from the time of harvest to the 1st of March has 
not varied as much as the size of the respective crops. The follow- 
ing statement is a comparison af the amount thus used and the sur- 
plus for five years: 



. . March 1— - 


Product. 


On hand 
March 1. 


Oojasumed or 
distributed. 




Bushels. 
1,616,996, 100 
1,551,000,000 
1,795,000,000 

1,936,000, ooa 

1,665,000,000 


Bushels, 
567,465, 943 
513,000,000 
675,000,000 
773, 000, 000 
603,000,000 


Bushels. 
1,029,530,157 
1,OS9,000,000 
1,120, 000,000 
1,103,000, 000 
1,06^,000,000 


1884..........;.. 


1885 


1867 . : . .V. . .......... ^ . ^ . 



Thus in years of nearly average crops the amount ^'consumed or 
distributed^' to this date is comparatively uniform, slightly exceed- 
ing 1,000,000, OOO bushels, while the large crops of 1884 and 1885, sold 
at low prices, were consumed in larger proportion. The rate of con- 
sumption to date is smallest in the South (58.1 per cent.), which Is: 
nearly the same : as in 1884 and 1885, and more than in 1886^ The 
winter feeding there is less for two reasons, climate and limited corn- 
feeding for meat-making. The use of corn in the plowing and oul- 
tivating season is larger proportionally than in any other section of 
the country, causing a large consumption of maize for work animals 
between March and July, 

It is seen that 67 per cent, of the March remainder is found in the 
Western States, where nearly 71 per cent, of the crop was grown. 
For commercial purposes this section practically represents the crop. ; 
These twelve States, from West Virginia to ISTebraska, inclusive, may 
be still further limited to seven, known as the corn-surplus States, as 
the only States that make any material contribution to the commer- 
cial supply. The quantity on hand in these States is less by 13 7,- 
000,000 bushels than at this date last year, while the product of those 
States was 240,000,000 bushels greater in 1885 than in 1886. The 
quantity on hand in those States has averaged for five years 378,000, - 
000 buahels, or 34,000,000 bushels more than the present remainder. 
As the requirement is annually increasing, the present farmers' sup- 
ply is comparatively low, and the price must be considered too low 
for the quantity available, unless a large allowance is to be made for 
the present depressed status of prices. The following exhibit may 
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be considered a fair comparative s^^^ 
able maize at this date: 



states. 


1884. 


1885. 


1888. . 


1 1887. 


Missouri ........ 

Kansas , 
Nebraska. . . . . . . 

Total 


Bushels: 

15, 44?, 600 

28,686,000 

61,113,595 

40,710,960 

48,406,500 

73,576,378 

41,524,349 


P.ct 
21.0 
30.0 
30,0 
24.0 
80.0 
42. 0 
41.0 


Bushels. 

31,595,410 

37,712,520 

80,699,520 

95,988,000 

65,290,500. 

70,770,000 

54,945,000 


P.ct 
37.0 
36.0 
33.0 
38.0 
33.0 
42.0 
45.0 

37.2" 


Bushels. 
42,508,700 
50,157,720 
107,599,200 
92,148,480 
70,869,960 
60,188,SQ0 
58,241,700 


Pet 
38.0 
38.0 
40.0 
38.0 
36.0 
38. 0 
45.0 


Bushels. 

33,671,400 

43, 954, 1.50 

77,632,660 

59,654,100 

43,112,700 

40,547^840 

45,633,470 


P.ct 
35.0 
37.0 

sr.o 

30.0 
30.0 
32.0 
43.0 


308,555,382 


31;5 


437, (XX), 950 


481,713,960 


38.8 


344,^8,320 


34.4 



LOCAL DISTRIBUTION. 

Tliese estimates separate that portion of the crop intended for con- 
slimption f rom that shipped or to be shipped; or the home consump- 
tion from the commercial supply. The aggregate distribution 
always approaches or slightly surpasses an aggregate of three hun- 
dred million bushels. 

Stock on hand March 1,1881, with local consumption and shipment 



States and Territories. 



Maine. 

New Hampsliire — 
Vermont 

Massachusetts . . . . . . 

Rhode Island 

Connecticut 

New Yorl^ 

New Jersey . 

Pennsylvania 

Delaware 

Maiyland.. t 

Virprjnia 

North Carolina 

South Carolina ... . 
Georgia .......... . 

Florida ........ 

Alabama i . — 
Mississippi. ........ 

Louisiana 

Texas ^. 
Arkansas . 

Tennessee 

WestYirginia . — 

Kentucky . 

/Ohio.... ........... 

Michigan .... . . — 

Indiana, 

Illinois.. .... ....... 

Wisconsin 

Minnesota .... . 

Iowa . ....... ...... 

Sllssouri .......... . 

Kansas 

I^ebraska 

Calif ornia ......... 

Oregon..... 

Nevada. 

Colorado 

Arizona 

Dakota . . 

Idaho. 

Montana .......... 

New Mexico . . 

Utah ... 

Washington 



Crop d£ 1885. 



Total . 



Bushels. 

989.000 
1,364,000 
2,058,000 
1,02:3.000 
408, 000 
1,992,000 
23,42G;Q0a 
9,418,000 
40,545.000 
3, 590; 000 
15,039:000 
32,793:000 
27,215,000 
13,318,000 
31,197:000 
4,597:000 
28,893,000 
25, 507,000 
14, 640, 000 
09,213,000 
42, 140, 000 
73, 314, COO 
15, 194, 000 
88,758,0iX) 
96,204,000 
27,M5:C0} 
118,795,000 
209, 818: 000 
28,493,000 
19,905,000 
198,&4T;(K)0 
143,709,000 
ISO, 712. 000 
106,129,000 
4,203,000 
178,000 

22, m) 

938,000 
67,000 
15,805,CH)0 
42,000 
^2, COO 
873,000 
267,000 



stock on hand 
March 1,1887. 



Bushels. 
336, 200 
531,960 
884, G4() 
615,040 
142, 800 
697,200 
8,748,140 
3,8i)l,380 

I. 5^,001,:650 
1,^6,000 
6,015,t)00 

14, 428, W) 

II, 430,300 
5,827,200 

14,350,620 
2,252,530 
13,001,850 
11,988,290 
6,734,400 
24,2^24,550 
18,541,600 
30,058,740 
6,229,540 
31,95:2,880 
as, 071, 400 
8,843,200 
43,954, 150 
77,032,660 
7,408,180 
6,767,700 
59,654,100 
43, 112, 700 
40,547,840 
45,635,470 
1,2<'8,600 
32,040 
6,380 
a37,680 
18,760 
5,215,650 
12,600 
7,260 
311,360 
82, 770 
^,760 



P.ct, 
M.Q 
39.0 
43.-0 
32.0 
35.0 
35.0 
39.0 
41.0 
37.0 
40.0 
40,0 
44.0 
42.0 
4G.D 

49. 0 

45.0 
47.0 
40.0 
35.0 
44.0 
41.0 
4i.0 
36.0 
35.0 
32.0 
37.0 
37.0 
26.0 
34.0 
30. 0 
30.0 
32.0 
43.0 
30.0 
18.0 
2^).0 
36.0 
28.0 
33.0 
30.0 
33.0 
32.0 
31.0 
27.0 



Consumed in 
the county where 
grown. 



1,035,441,000 



603, 3M, 650 



33.2 



Bushels. 
979,110 
1,350,360 
■ 2,037,420 
1,902,780 
403,920 
1,972,08^) 
21,753,220 
8,193,660 
36,085,050 
2,620,700 
10,5i?;',300 
29,185,770 
24,765,6.50 
12,918,400 
29,949,120 
4,321,180 
S*;', 159, 420 
24,741,790 
14,347,200 
02,291,700 
40,033,000 
57,184,9^ 
13,674,600 
75,444,300 
75,039,1;^ 
24,595,150 
89,096,250 
157, 363, 500 
26,498,490 
19. 108,800 
169:019,950 
129,338,100 
101,369,600 
61,5,54,820 
3,750, 5t>J 
172,600 

m,m 

769,160 
05, 660 
13,908,400 
40,7-^10 
21,840 
9.21,350 

213, m 

86,240 



P.ct 

99.0 
99.0 
99.0 
99.0 
90.0 
99.0 
97.0 
87.0 
89.0 
73.0 
70.0 
89.0 
91.0 
97.0 
96.0 
94.0 
94.0 
97.0 
98.0 
90.0 
95.0 
78.0 
90.0 
85.0 

mo 

89.0 
75.0 
75.0 
93.0 
96. 0 
85.0 
90.0 
80. 0 
58.0 
88.0 
97.0 
95.0 
82.0 
98, 0 
88.0 
97.0 
97.0 
95.0 
80.0 
98.0 



Shipped out of 
the county where 
grown. 



1,376,800,100 



Bushels. 
9,890 
13,040 
20, 580 
19, 220 
4,0SO 
19,920 
672,780 
1,224,3^10 
4,459,950 
969,300 
4,511,700 
3,607,230 
2,449,350 
399,540 
1,247,880 
275, 820 
1,733,580 
765,210 
292,800 
6,921,^ 
2,107,000 
16,129,080 
1,519,400 
13,S13,7'0O 
21,104.880 
3,039,&50 
29,698,750 
52,454,500 
1,994,510 

- m,m 
29, e.?;-, 050 

14,370,900 
25,342,400 
44,574,1m 
511,440 
5,340 
1,100 
168,840 
1,340 
1,896,6(K) 
1,260 
660 
48,650 
53,4?0 

i,7i;-o 



P.ct 
1.0 

1.0 
1.0 
1.0 
1.0 

I. 0 
3.6 

13.0 
11.0 
27.0 
30.0 
11.0 
9.0 
3.0 
4.0 
6.0 
6.0 
3.0 
2.0 
10.0 
5.0 
22.0 
10.0 
15.0 
22.0 

II. 0 
25.0 
25.0 

7.0 
4.1) 
15.0 
10.0 
20.0 
43.0 
12.0 
3.0 
5.0 
18.0 
2.0 
12.0 
3.0 
3.0 
0.0 
20. 0 
2.0 



288,640,900 



17.3 
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TL.© estimates' of- distrilDntion stow^ as usiia^ little more ttan 
oiie-sixtli of tHe crop goes beyond eouiity lines^ The iieigliborliOGd 
distribution to local f eeders is not considered, A part: of tlie ship- 
ments go to more distant indiyidnal buyers for consumption, another 
portion to the cities of the West, and both city and country east of 
the Alieghanies, besides that which is exported to foreign countries, 
which IB only about 3 per cent, of the crop. Excepting Tennessee 
and ICentueky and the seven Stajtes aboye named, there is no State 
in which the movement amounts to 10,000,000 bushels. Nebraska 
stands next to Illinois in this record of distribution, and Iowa and^ 
Indiana are next in prominence. 

The following statement makes a comparison by sections of this 
distribution, showing that one-fifth of the^^^.p^^ of the West, has 
been handled commercially, while about oiae^ has been dis- 
tributed in the Middle and Southern States:, 



Section^ 


1886. 


1887. 


Retained for county 
coBSumption. 


Distribution be- 
yond coun ty lines. 


Retained for county 
consumption. 


Distribution be- 
yond county lines. 


New England. ... .... 

Middle. 

Western.............. 

Ptieific........ 

Nevada, Golorado, 
aiicL Territories . . . . 

Total.......... 


JBusJiels, 
8, 683, 630 
^^ 76,196,480 
■854,744,310 
1,140, 12.), 770 
3,4093^40 

16,019,190 


r.ct 

99.7 
90. 8 
90.8 
79.8 
85.5 

89.3 


Bushels. 

- 27, m 

7,711,520 
38,581,690 
288,187,230 
578, 9(50 

1,911,810 


P.ct. 
0.3 
9.2 
9.8 
20.2 
14. 5 

10. 7 


Bvsheh 
B,645,67'0 
. .68,652, G30 
337,425,510 
942, 102; 680 
3,923,220 

16,050,390 


P. ct. 
99. 0 
90.4 
89.3 
-79.8 
88.4 

88. 1 


BusheU. 

87,330 
7,336,370 
40,440,490 
238,096,320 
516,780 

2,173,610 


P.ct, 
1.0 
9.6 
10.7 
20.3 
"11.6 

11.9 


1,599,177,420 


82.6 


336,998,580 


17.4 


4,376,800,100 


82.7 


288, 640, 900 


17.3 



The distribution of the crop of 1886 to date is less than the ship- ; 
oaents of two^ years :ago by only IO3 000, 000 bushels, though fhe crop} \ 
:>t 1884 was much larger. : : 

PROPOimONr MEBGHANTABLE. 

The crop of 1886 ripened well, with very little frosted, and only 
L4 per cent, from any cause deemed unmerchantable. Thepropor- 
iion of sound corn, commercially designated as ^^merchantable," w^ 
^6 per cent. Two years ago the crop was even better ripened, aver- 
iging 89 per cent, merchantable. The gTeat crop of 1885 was slightly: 
3elo^ average in quality, as only 78 per cent, was estimated mer- : 
jhaiitable, from frost and other causes. . Th^j crop of 1883 siiifered 
[everely from frost, only 60 per cent, being merchantable, instead of 
jO in an average year. - " ^ / - 

The largesii proportion of the crop consumed at this date is on the 
i^acific coast and m the Territories, but the quan^^ is so small that 
he fact has little significance. 

The Western States unif ormly show the highest rate of consump- 
lon and the largest proportion of the crop consumed, with the above 
Lnimportant exception. This is due to feeding for meat, mutton, and 
ailk. The Eastern States stand next, and the Middle States next to 
he cotton belt. It is also understood that shipments eastward are 
rom this region. 

The average consumption. of the pasfe c date is 63.8 per cent. ; 

or five years, 63.2 per cent. Thus the average consumption to March 
3 ordinary; a very little less than two-th^^^^^ of the crop. The f ot 
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lowing statement shows the proportion used for five years, by sec- 
tions: 



Sections. 


1883. 


1884. 


1885. 


1886. 


1867. 




Per cent. 


Per cent. 


Per c&nt. 


Per cent. 


Per cent. 




70.2 


m.2 


62. 9 


61.6 


63.3 




62.6 


68.2 


68.4 


59.3 


61.8 




56.5 


58.6 


58.6 


54.6 


58.1 




68.2 


69.3 


63.3 


61.6 


65.6 




74.6 


70.7 


60.4 


68.4 


70.5 




65.0 


70.2 


65.5 


63.3 


67.0 



The following statement shows the remainder in the hands of the 
farmers each year, averaging about 040,000,000 bushels, or 37,000,000 
bushels more than the quantity now on hand: 



Sections. 


1884. 


1885. 


1886. . 


1887. 




Bushels. 


P. ct. 


Bushels. 


P.ct 


Bushels. 


P. ct. 


Bushels. 


P. ct. 




2,843,390 


33.8 


3,132,944 


37.1 


3,344,420 


38.4 


3,208,200 


36.7 




21,890,705 


31.8 


29,712,800 


36.6 


34, 165,780 


40.7 


29,045, 170 


38.2 




137, 922,031 


41.4 


144,798,8o0 


41.4 


178,606,340 


45.4 


158,354,600 


41.9 




346,771,467 


30.7 


4'J0,021,950 


36.7 


549,084,080 


38.4 


405,409,820 


34.4 


Pacific 


760, 128 


29.3 


1,965,920 


39.6 


1,258,400 


31.6 


1,310,640 


29.5 


Nevada, Colorado, and 




















2,036,2a2 


29.8 


5,578,190 


34.5 


6,587,470 


36.7 


6,016,220 


33.0 


Total 


512,224,003 


33.0 


675,210,664 


37.6 


773,046,490 


39.9 


603,344,650 


86.2 



The proportion of the merchantable and unmerchantable, respect- 
ively, m recent years, has been as follows: 





1883. 


1884. 


1885. 


1886. 




Per cent. 

60 


Per cent. 
89 


Per cent 
78 
22 


Per cent. 
86 




40 


11 


14 



Proportion and value per bushel and total value of merchantable and unmerchdnU 

able com. 



States and Territories. 



Merchantable. 



Biisliels. 



Price 

per 
bushel. 



Value. 



UnmerchAntclble. 



Bushels. 



Price 

per 
bushel. 



Value. 



Maine 

New Hampshire. 

Vermont 

Massachusetts . . . 
Rhode Island — 

Comiecticut 

New York 

New Jersey 

Pemisylvania 

Delaware 

Maryland 

Virgmia 

North Carolina . . 
South Carolina . . 

Georcpa 

Florida 

Alabama 

MiiBBlssippi 

Louisiana 

Texas 

Arkansas 

Tennessee 

West Virginia , . . 



761.530 
1,036,640 
1,749,300 
1,710.580 
363', 120 
1,693, 2<J0 
18,837,840 
8, 193, 660 
84,057,8(X) 
3, 159, .^C'O 
18,384,710 
26,234,400 
22,316,300 
11,566,660 
27,453,360 
4,045,360 
26,003,700 
22,956,300 
12, 444, 000 
52,601,880 
37,926,000 
66,715,740 
13,763,960 



Cents. 
74 
75 
71 
70 
74 
68 
61 
53 
51 
46 
46 
52 
63 

64 
75 
64 
62 
60 
63 
52 
43 
45 



Dollars. 
563,532 
777,480 

1,242,003 

1,197,406 
268,709 

1,151,376 
11,491,062 

4, 342, 640 
17,369,478 

1,453,252 

6,156,967 
13,641,888 
14,059,269 

7,415,462 
17,570,150 

3,0*4,020 
16,042,368 
14,232,906 

7,460,400 
83,139, 184 
19,721,520 
98,687,768 

5,743,332 



227,470 

327,360 
308*, 700 
211,420 
44,880 
298,800 
3,588,160 
1,224,340 
6,487,200 
430,800 
l,0&t,290 
6, S.'iS, 000 
4,898.700 
1,731,340 
3,743,640 
551,040 
2,889,300 
2, .550, 700 
2, 196,000 
16,611,120 
4,214,000 
6,598,260 
2,431,010 



Cents. 
42 
40 

36 
33 
34 
32 

30 
81 

27 
28 
27 
29 
30 
85 
33 
31 
30 
30 



25 



Dollars. 
95, 5»; 

130,944 
111,13S 
69,76f 
15,2,5f 
95, OK 
1,076,44? 

879, 54J 
1,751,54; 
120,62' 
446, 651 
1, TO 1, 1)0^ 
1,469,61{ 
605, P6! 
1,235,40: 

866, 7iK 
765, 2l( 
658, 80< 
5,481, 67( 
l,22'^-06( 
l,649,66i 
607, 76* 
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i^ojporUon and mJ total vctlm_ of nmmJmntahle and n^imm^okant- 

- - ' /: ■[ '- abZc oom—Continized, 



States End Tsrritories. 


MerGiiantable. 


Unmerchantable. 


Bushels. 


Bnce 
- per 
bushel. 


Value. 


■ 

Bushels. 


per 
bushel. 


Value, 


^ntucky . . . . . V. . . . .... w . . . . . . . 




Cents. 


BoUojrs, 




Cents, 




77,219,460 


3a ; 


-37,799,006 


11,538,540 


24 


3,769,350 


Ohio. 


82,785,440 


37 


30, 613, 113 


- 13.468,560 


23 






22, 108, m 


42 


9,^5,360 


S; 5/37,000 


25 


l,3Er,750 


tft^aim. . .... ... ... . , . . 


106,'915,600 


34 


36,351,270- 


11,1379,500 


23 


3,613,490 


Hiinois. i......... .. 


153,541,660 


32 - 


58,413,331 


-27,276,340 


22 


6,000,795 




23,649,190 


30 


9,323,184 


4,843, 810 


. 27 . 


1,307,§^ 




17, 516, 400 


35 


6, 130, 740 


2,388,600- 


23 


549,378 


towa. . . ..>....... . . .-. ....... . , . . 


174,985,360 


31 


54,245,463 


23,8G!;f'40 


24 


5,726,794 




1^,715,560 


32 


38. §28, 5)79 


32, ^^3, 440 


' 25- 


5,748 360 




103,903,840 


2S 


29,093,075 


33, 808, IGO 


23 


5,245,877 


97, -638, 680 


3t 


SO, 504, 133 


8,490,330 


13 


1,303, .743 


California .... 




05 






45 


191, TSp 




156,640 


.75 


117,480 


31,360- 


41 


8,758 


^*mda. . . . . . . ........... 


19,800 


\ 80 - 


15, §40 


3,2(X) 


50 


1,100 


3oior^do - . , . . ..... . . . V 


816,060 


53 


. 4.32,513 


131, 940 


28 


34,143 


\j£\t<kL^ . ■ .; . . . . . i ............. i . 


. 60,300 


80 


48,340- 


'6,700 


45 


3,015 


>aift)fea. . , , . . . . i i ., . . ... . . . 




m 


5,816,340 


1, §64, 400 


20 


^3,880 


:dsJiQ . . , . . . . , . .:. . . . . : . . . . . . . . . . 


- 35,700 


67 


23,919 


.6,300 


35 


3, 205 
S5 


fftmtaim^ . . . . . ... . . . . 


19,580 


70 


13,7^ 


- 3,420 


87 


Me^eo 


797,360 


"77 


€14,353 


175, 140 


40 


70,(^6 


Ttafe ......... 

Va^^iiflgton . . , . . 


- 160,300 


w 


107,334 


■ 106,800 


33 


35,344 


80,060 


. m .: 


: 54,-243. 


7,040 ■ 


30 


3,112 




1,438,446,880 


38.7 


557,391,951 


236,994, 170 


25. 1 


57,076,145 



■ VALUE OF THE CROP. 

The value of the crop, on the basis of March prices of merchant- 
'.ble and unmerchantable corn separately estimated, is thus stated: 

feciaantable, at 38.7: cents. , . . . . . . . /, . . .-. . , . . . . ..... ............... $557, 391, 951 

Jmaerchantable, at 25.1 cents. ... . .... .. . ....... . . .. . . .... ..... 57, 076, 145 



Total value , . . . .\ ^ ...... . ; 614, 468, 096 

^alue as estimated December 1 .... . . . . . . .... .-. . . . . ....... 6f 0, 811, 000 

The value has slightly increased in some districts, mainly depend- 
nt on local supply; while in commercial markets, Chicago not ably , 
he value of December is scarcely sustained, though the decline is 
a maali fractiQii^ 

irhe value of merchanta com is reporterl B. 7 cents higher than 
, war ago ; the unmerch^^ 

^he farin . prices (reported 36.6 cents per 

^usheL This average is higher than those of 1877 and 1878, and 
Iso those of i8M and 1885. The foHovring statement includes an- 
ual averages for principal States and for the United States: 



states. 


1876, 


1877."" 


1878. 


1879. 


1880. 


1881. 


1883. 


1883. 


1884. 


1885. 


fl886. 




|0 30 


SO 33 


$0 40 


|0 37 


|0 38 


|0 70 


$0 52 


$0 43 


SO 43 


$0 35 


$0 34 


hio. i.... . 


38 


40 


33 


39 


41 


61 


63 


- 47 - 


41 


32 


35 




53 


39 


38 


45 


46 


63 


m 


53 


40 


34 


38 


idiana . . . .> 


34 


34 


27 


34 


40 


60 


48 


41 


34 


39 


32 




31 


39 


26 


31 


36 


58 


47 


40 


31 


S8 


31 ■ 


Iscohsin . ........ 


41 


33 


39 


39 


39 


54 


53 


48 


34 


34 


37 




40 


38 


m 


37 


38 


53 


45 


43 


33 


33 


34 




35 


25 


16 


24 


36 


44 


88 


33 


33 


24 


30 




38 


37 


26 


- 25 


36 


65 


39 


So 


26 


25 


31 




34 


21 


19 


27 


29 


58 


37 


£3 


32 


24 






- 


18 


16 


31 


25 


39 


33 


24 


18 


19 


m 
















61 


45 


30 


28 


m 




















Etfted. States... 


37 


35.8 


31.8 


37.5 


39. 6 


63. 6 


48.4 


43.4 


35.7 


33.8 


36.6 
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Compared with average farm prices the actual export prices are 
given below, the years named being fiscal years following the year 
of production: 



Years ended June 30— 


Price. 


Years ended June BO— 


Price. 


1877 


$0 58.7 
56.2 
47.1 
54.3 
55.2 




$0 66.8 
68.4 
61.1 
54. C 
49. ( 




1883 


1879 


1884 


1880.. 


1885 


1881 


1886 







EXPORTATION. 

The exportation of corn as grain and meal amounted to only aboui 
half of 1 per cent, of the crop in 1860. During the next ten years 
it averaged little more than 1 per cent. Between 1870 and 1880. 
especially in the latter half of the period, when the harvests of West- 
ern Europe (not maize) were greatly impaired and prices of all feed 
ing-stuffs high, exports were heavy. The annual range of these ex 
ports was quite extraordinary: from about 2,000,000 bushels in 187( 
to nearlv 100,000,000 in 1880. This difference is mainly accountef 
for by the fact that the export price dropped from 93 to 54 centi 
per bushel. With an increase of exportation almost fifty fold th 
price was about half as high, showing how little influence the larges 
foreign demand ever enjoyed had upon prices. The following state 
ment shows how much corn and corn-meal in its equivalent to con 
have been exported since 1880 : 



Years ended June 30— 


Quantity. 


Value. 


Corn. 


Meal. 


Total. 


Com. 


Meal. 


Total. 


1883 

1884 

1885 

1886 

Total 


Bushels. 

91,908, 175 

43,184,915 

40,686,825 

46,247,490 

51,834,416 

63,655,433 


Bushels. 

1,739,972 

1,155,768 

1,068,828 

1,011,116 

1,042,040 

1,174, 1&4 


Bushels. 

93,648, 147 

44,340,683 

41,655,053 

46,258,606 

52,876,466 

64,829,617 


Dollars. 

50,702,669 

28,845,830 

27,756,082 

27,648,044 

28,003,863 

31,730,922 


Dollars. 

1,270,200 
994,201 
980,798 
818,739 
816,459 
858,370 


DoUars. 
51,972,81 
29,840,0 
28,736,8 
28,466,7 
28,820,3 
32,589,2 


336,417,254 


7, 191,908 


343,609, 162 


194,687,410 


5,738,767 


200,426,1 


Annual average, 
1871-'80 

Annual average, 
1861-70 


66,069,542 


1,198,651 


57^268,193 


32,447,902 


956,461 


33,404,3 


53,643,470 
10,061,106 


1,434,690 
1,012,701 


55,078,160 
11,073,809 


32,133,519 
8,205,501 


1,264,755 
1,266,976 


33,398,.2 
9,472,4 



WHEAT. 



The area of wheat has increased 50 per cent, since 1874, when th 
country passed France in wheat production, and assumed the fir 
rank in wheat-growing among the nations. There are wheat lane 
yet to occupy, and the disposition is strong to extend the cultivatio] 
notwithstanding the necessary reduction in prices caused by a plethoj 
in international markets. There has been a halt, however, at certa: 
points, though not all along the line of progress. The problem < 
cheaper production commands an effort at solution by many who a 
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infilling to adopt a sloweir movemen^ in extension of wlieat-growing. 
Phe f ollowing statement shows tlie status of prodnction since 1870: 



Calendar years. 



Total produc- 
tion. 



Total area 
of crop. 



Total value of 
crop. 



Average 
value 
per 
bushel. 



Average 

yield 
per acre. 



Average 
value of 

yield 
per acre. 



Bushels. 

498,&49,8e8 

383,^,090 

504,185,470 

421,086,160 

513,765,0(X) 

357,112,000 

457,218,0C» 



Acres. 
37,986,717 
37,709,020 
37,067,194 
36,456,593 
39,475,885 
34,189,240 
36,806,184 



Dollars. 

474,201,85a 

456,880,437 

444,603,125 

383,649,272 

330,802,260 

275,320,390 

314,S26,020 



Cents. 
95.1 
119.3 
88.2 
91.0 
64, 5 
77.1 
68.7 



Bushels. 
13.1 
10.3 
13, 6 
11.6 
13.0 
10.4 
12.4 



Ddlldra. 
$12 48 
12 13 
11 99 
10 53 
8 38 
8 05 
8 54 



/ Total. ..... 

Limual average . 



3,134,196,588 



359,689,839 



3,679,743,344 



447,743,370 



37,098,-548 



382,8.20,335 



85.5 



13.1 



10 32 



.nnual average for pre- 
Cednig ten years . . ..... 



312,153,728 



25,187,414 



337,407,358 



104.9 



12.4 



IS 00 



It is sometimes assnmed tliat the yield of wheat is declining in this 
lonntry. This Goncliision is not warranted by the facts. The aver- 
age for six years past is 12.1 bnshels per acre, ranging from 10.4 to 
.S.G annnally. The average of the preceding ten years was 12.4, 
Umost any period of five to eight years has heretofore made an 
bverage very slightly exceeding 12 bushels. The older wheat-grow- 
ng States make larger averages than the newly-settled regions, noi^ 
)ecanse the land is richer, but because it is more thoroughly culti- 
''ated. In the future, as rotation and thorough culture prevail, the 
i-verage rate of yield must be expected to increase, as it has done in 
ome sections already. 

While the yield is unimpaired, the reduction in price has been seri- 
>usy so that the value of the product per acre has been only $10.32 . 
against $13 for the preceding decade, a reduction of more than 20 
)er cent., nearly 20 cents per bushel of the farm price. 

The estimates of production are made in advance of the record of 
onsmmption, and, of course, in the absence of the requirements of 
he export trade. For eight years past the consumption has been 
alculated on a basis fixed by careful tests, and the distribution has 
Iways run parallel with the estimated production, with the slightest 
lossible discrepancy. In the following table, including the crops 
aade since the last census, the aggregate production is placed at 
,178,427,620 bushels, and the distribution makes an aggregate of 
,164,034,279 bushels. : This leaves an apparent surplus of about 
4,000,000 for the whole period, which has, all been absorbed, and 
(robably more, by losses in t fire, showing on this 

fasis of consumption that the estimates, which are often held by 
peculators to be too high, are really somewhat too low, though re- 
larkably clofe.^ T^ 



Years. 



Production. 


For food. 


For seed. 


Expoitation. 


Percent, 
of expor- 
tation. 


Total distri- 
bution. 


Bushels. 
38:^,280,090 
504, 185, 470 
421,086,160 
512,763,900 

m,m,m 


Bushels. 
235,249,813 
255,500,000 
259,500,000 
265,000,000- 

m,ooo,m 


Bushels. 

55,215,573 

53,770,312 

54,083,389 

55,266,239 

51,474,806 


Bushels. 
121,892,389 
147, 611,316 
111,5^,182 
132,570,307 

94,565,794 


33 
39 
26 
26 
26 


Bushels. 

412,357,774 

450,081, 628 

495,717,571 

452.836,606 

417,040,700 


2, 178,437, 620 


1,286,249,812 


260,410,410 


608,374,048 




2,164,034,279 


- 435,085,534 


257,249,963 


.53,883,084 


121,674,810 


37.9 


433,806,850 



[81.............. 

182.............. 

183.............. 

Total ...... 

Average....;... 
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CONSUMPTION AND DISTRIBUTION, 

The proportion of wlieat remaining in the hands of farmers March 
1, 1887, is estimated at 26.7 per cent, of the volume of the crop of 

1886, This includes all on hand, whether of the last crop or any- 
older surplus. This is slightly less than the average proportion for 
five years past. Only once has the record been higher than three- 
tenths; it was 33.1 March 1, 1885, after the great crop of 1884. In 
1883 it was 28.5; in 1884, 28.4; last March, 30.1 per cent, of a very 
small crop. The crop record was 100,000,000 bushels more than that 
of 1885; the farmers' stock March 1, only 15,000,000 bushels more 
than that of the preceding March. The "visible supply," or com- 
mercial stock, is 5,000,000 bushels more than last year — 57,000,000 
against 52,000,000 bushels. In addition to these sources of supply- 
there are further stocks in flouring-mills, and en route from the mill 
to the bakery and household storerooms, which are not here given. 
A small amount may be on mercantile storage between the farmer^s 
bin and the elevator list of the commercial authorities. Were such 
stocks the same each year they need not be considered in a compara- 
tive statement. As to the milling stocks, it is evident that they were 
greater last year than this. Had millers stocked up as in the autumn 
of 1885, the farmers' stocks would doubtless have been lower than 
last year. 

. These estimates have been made for seven years, and the average 
in farmers' hands has been 129,000,000 bushels; 7,000,000 bushels more 
than the present stock. The figures are, in round numbers, as follows : 

Suflliels. 

1887 122,000,000 

1886 107,000,000 

1885 169,000,000 

1884.. 119,000,000 

1883 143,000,000 

1882 98,000,000 

1881.... 145,000,000 

Svnrplus. and distribution by groups of l^ates. 



Sectionfl. 


Crop of 1886. 


■ Stock on hand 
March 1, 1887. 


Retained for county 
consumptkm. 


Distributed beyond 
county Hues; 


Middle 

Western 

Pacific 

Nw«Mia, Cciorado, and Ter- 

TotaJ 


Bushels. 
1,233,000 
32,785,000 
35,534,000 
294,241,000 
47,298,000 

46,125,000 


Burets. 

530,280 
11,676,190 

7,oaj,180 
81,572,630 

9,904,920 

11,050,080 


r.ct 

43 

35.6 

21.2 

27.7 

20.9 

24 


Bushels^. 
1,219,680 
19,0^,680 
21,074,070 
124,452,270 
12,408,810 

15,859,380 


P.ct. 

99 

58 

6».3 

4S.3 

26.2 

; M.4 


Bushels. 

12,320 
13,760,320 
14,459,930 
169^791,730 
34,889,190 

30^265,620 


P.ct 
1 

42 
4tk'i 
51?.'! 
73. J 


457,218,000 


122,266,270 


26.7 


194,068,890 


42.4 


263,17d,m 





A larger volume of wlieat has gone into distribution from this croj 
than from the last, though the proportion of the crop has been nearlj 
the same; about 58 per cent, of all. 
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Stock on Imnd and wmount Tetai'mdfm\liofim cmi8iimpUon, March 1, 1887. 



£14. J- 1 -i^ • 




Stock on iiBMd 


Consunied ill coimtj 
where grown. 


Shipped out of 
county where gro^vn 






BitsheU. 


p. ct. 


Bushels. 


F.ct. 


B'ushels. 




Tvrji3Tip> " 




- m,m 


43 


- 594, (»0 


m 


e.cm 


1 




169 *XK/ 


74,360. 


-44- 


167.310 


99 


i;690 


1 






196,800 


..- 48 . 


- - 4051900 


99 


4,100 


1 




l'-' OfX) 


5,-440 


sa- 


16,830 


99 


170 


1 




89,000 


18, 080 


gs 


35, 640 


- 99 


- 880- 


1 




11, C9fj/00U 


4, 215; 340 


38 


6,544, 870 


59 


4,548, 130 


41 




2, 360, 000 


830,200 


37 


1,627,200 


73 


633,800 


28 


Fermsylvania . .. . .... ...... 




6 "iro 


35 


io,#05,a50 


57 


7,849,650 


43 


Delaware ....... . , ..... 


1, 117, 000 




m- 


447,260 


33 


" 7m\7m 


62 




7,194,000 


i,i:-;i:'!os:; 


22 




-31 


' 4,96S,G60 


60 




5,581,000 




20 


2,623,070 


-47 


2,957,930 


53 




3,309,000 


^ 641,800 


ao 


2,823,330 


88 


385,080 


12 




930, 0{X) 


108,480 


-IS 


. 842,400 


90 


93, 600 


10 




1,01)0, uOi-f 


338,iOCK) 


. m 


1,470,300 


87 


- 219,700 


13 


Alabama. .... , , , . 


i Pino' S\r\f\ 
1, O.-i J, UIW 


214,060 


14 


1,376.100 


90 


152, DOG 


10 




lV'3, OOl) 


.87,680 


16 


■ - 164; 350 


95 


8,050 






U, Goo, ULa; 


06^,640 


: IS 


3,660,440 


68 


1,732,560 


S2 


ATkEHIS&S . . ..... , i . . . .. . . . . , 


l,:81u.O00 


8fil,15G 


24 ■ 


1,470,150 


. 81 


844,^" 


19 




ft ^^^yA' (YiCi 
a,-U44, LHJU - 




24 


- 4,418,200 


55 


s,6io,eoo 


45 


"W©st/ "Virginisi * .............. 




918,300 


30 


. 1,836,600 


60 


1,224,400 


40 


Kc^ntucljy ^ ...... ^ 




3/101,250 


25 


5, 334;i50 


43 


.7,.O7a,850 


57 






12,108,600 


80 


.16,1,44,KK)- 


40^ 


m,m.7,m 


60 






6,877,'^0 


H 


8,766,760 


a3 


17, 803. M) 


67 




"iu, aCJCI, (Jut/ 


io,m,soo- 




- 14,0S-&.250 


35 


26, 165,'750 


65 




iC t ^ DV.v, Ubu 


G,SOO-;500 




■ "13,78i;O00 


50 


18,781,(X>0 


50 




14, 725, 000 


4,270,250 


5^9 


7,068,-000 


48 


7, 657,000 


52 


Minnesota, . . . . . . . ........... 


4"^j RjCi, 000 




30 


11,090,680 


28-- 


30,856,320 


n 


Io wa ..... . . . . , ... 3 ..... . . > • 




r?,4l1,9oO 


2d 


.18,174,800" 




14,280,200 


44 


Missouri . , . . , . . . ..... ... . . . 




l) 7}i) S6Q 


^5 


19 (]-')() 


57 




43 


Kansas, . . . . ...... . . . . . . . . . . 


14, CoO, 000 






7-, 569, 120 


52 


6,986,660 


48 




17,4il:9,0(!0 


g', 107' InO 


.S5 


- 7,154,090 


41 


10,294,910 


59 




Ot'> ^ i' /"ton 

oU, 10o,000 


7,;.J3o,000 


20 


y, 402, yOO 


26 


2o, 762, lOU 


74 ■ 




ll,133,00.(j 


2,071,920 




3,005,910 


27 


8,127,090 


-73- 




72; 000 




2^ 


" - 54,000 


." 75 


I8;ooo 


25 


Goloraclo ........ .... . * ... - . 


"g, 410, 000 


- 77'4;080 


S2 


1, 136, 930 


47 


1,282,070 


63 

-ys 




■ 397, 000 


: 71,380 


S4 


249,480 


84- 


47, 520 




- 30,7^4,000 


6,754,880 




0,447,8^10 


31 


24, 256, 160 


79 




4,030,000 




^£5 


690, 130 


07 


342,-870 


33 


Montana ......... ... ... 


1, WO, 000 


347,070 


S3 


■ 829,950 


55 


679,0^ 


45 


:^ew Mexico ..... . . . . . . . , . . . 


9i>l,OdO 


: ^4l,2ft0 


; 9g : 


' -782, 850 


85 


138.150 


15 




1,541,000 


5&0,:350 


oS 


.- - 024,-600- 


60 


016;400 


40 




7,560,000 




S7 


4,087,200 




2,872,800. 


36 


WyoiBing ..... . v. ...... 


C3,0p0 




26 


50,400 


80 


12,600 


go 




457,218,0^ 




26.7 




43.4 


863,179,110 


57.6 



VALUE OF THE OEOP. 



Avera^e pi'ice of luheat fof tlm 2/ears 1875-1886. 



, . state. 


tm. 


18767 


1877, 


1878. 


1879. 


1880, 


1881. 


!883. 


1883. 


im. 








fl 05 


|i 00 


|0 99 


$0 76 


$108 


$0 93 


$1 31 


|G 90 : 


|0 95 


m 74 


lOffB 


^73-:. 


OJiio ............ 


1 m 


1 14 


1 24 


m 


1 20 


1 02 


1 29 


95 


-99 


75 


-91 


74 




1 15 


116 


1 22 


85 


1 17 


97 


1 25 


90 


96 


- 74 


M 


7t 




97 


1 m 


1 13 


81 


1 17 


99 


127 . 


90 


95 


67 


86 . 


70 




91 


9B 


1 04 


75 


1 07 


95 


1 22 


m 


-9.2 


63 


SI 


69 




n 


1 01 


93 


67 


1 04 


1 00 


1 19 


m 


88 


00 


76 . 


68 
61 


Iffinmesota . . . ... . 


80 


90 


91 


51 


94 


87 


1 OC 


83 


80 


50 


- 70- 




71 


90 


87 


BO 


m 


82 


106 


ro 


- 80 


55 


67 




Missoim. ...... .. 


95 


- 89 - 


100 


67 


1 01 


-89 


1 19 


85 


88 


62 


77 


m 

58- 






86 


82 


59 


89 


70 


1 05 


.67 


. 78 


45 


-65 




m 


73 


83 


49 


84 


73 


97 : 


m 


70 


42 


- 57 


47: 


















60 


. 72 


46 


63 




United States . . . 
























1 00 


1 03.7 


%m.2 


77-,7 


1 10.8 


95; 1 


1 19.3 


88. 2 


91 




77.1 


' 68,7 
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The average expori-price is as follows for twelve years: 



-. - - : ~ Years,- . : - . ; 


Average 
price. 


Years. 


Average 


lS74-'75 . . . . , ... . . ... . . . . . . . . : . , . 


$1 iJi 
1 24 
1 17 
134 

im 

1 24 


1880^^81 ... . . . 


$1 11 
119 

MS 
1 07 

, — m 


1 8r5-'76 ................................. . 


188t-'83. 






im-'m..-^. ■. ....... 

-2878^9 . ... . . ; ., ... --. . 

im~m. ... . . ........ 


1884- ^85 ..... . ... , . 

1885- '8G .... ... . . . . . . .............. . . . . . . 







Tlie farm Yaliie of the crop of 1885 was $^?5,320,390 in December, 

or cents per buslieL ; 



: WEIGHT PER BUSHEL. 

The weigM of tlie crop of 1886 surpasses very slightly that of 1884, 
being 58,4 pounds per busKel against o8. 8'. The estimated weight, of 
the crop of 1885 was only 57 poiinds. Counting high-grade wheat, 
averaging 60 pounds per bushel, the present crop is equal to 444,000,000 
bushels, or 105 000, 000 bushels, more than the crop of 1885, calculated 
on the same basis; The following statement records this estimate by 
"Stat^; : / /-- -^ - 



states and Territories. 


Weight 

per 
bushel. 


Bushels of 
crop. 


Weight. 


Bushete of 60 
pounds." 


(bixciiiijto .4>.i.. ..«.-.. ««.......« .... ... .-• . * . • 


Pounds. 




Poundf?, 




58 


m,m 


o4, ot/y, UuU 


ttOn AAA 

580,000 
- 163,367 


HeT?7 Hampshire . . .... . .... ; . 


5.8 


169,000 


9,802,-000 


Vermont. ... / . ... . . . . . , .r; 


.58 


- -410,000 


. .^2;^, 780, .000 


^ 396^333 


Mas.saeliusetti3 . ..... .... ..... . . . . > ......... , . 


59 


" 17,000 


3,003,000 


16,717 


Connecticut . . . ; . . . 


58 . 


■ 30,000 


2, 088, OCX) 


34,800 




59 


11,093,000 


654, 487,000 


10,908,117 


New jersey . . ............ . . . . 


50 


^,260,000 


13:3, 34), 000 


2,292,333 


Pennsy^lvaiiia...........v^. . 


m 


18,265,000 


1,077.045,000 


17,950,750-: 




r>7 - 


1,177,000 


67,089,000 


1,118,150 




58 


7, 104, OOO 


417, S5>3, 000 


6,954,200 


Virg inia ..... ... ...... ^ . . . ......... 


57 


5,581,000 


. 3l8,117,tK)0 


5,301,950 




56 


3,20y,(X)0 


179,704,000 


2,995,067 


Soutl?. Carolina , . . . . . . . , . . , . , . . . . . . . . . . ; 


55- 


^HG.OOO 


51,480,000 


-858,000 




55 


1,600,000 


92,950,000 


1,54^1,167 


Alabama 


57 


1,5^.000 


87,153,a)0 


: 1,469,550 


Mississippi. . . . . ... ^ . . ... . ... ..... . . . 

Texais,:..... 


- - 55 . 


17.3; 000 


9,515,000 


158, 5a3- 


58 


5,383,000 


312,214,000 


5,203,567 




66 


1.815,000 


101,640,000 


1,694,000 


Tennessee . . . . ... ^ . . . . . . . . ... .... . . . . ... ...... 


55 


S; 024, COO 


441,320,000 


7,855,333 


West Virginia ........................... . . . . 


- 58- 


- - . 3,061,000 


177,538,000 


2, 958, 967 


Kentucky. . 


59 


: 12.405,000 


7:^1,895,000 


12,198.250 


Ohio............. 

Michigan ..... . . . ... . . . . . . . .: . 


50 


"40,362,000 


S, 381, 358, 000 


39,689:800 


59 


. ■ 26, 573, 000 


1,567,748,000 


26,129,133 


Indiana. . . . . ......................... .... . . . . 


- ^ 59 


44), 255, 000 


2,375,045,000 


39'5M.083 


lUmois. . . . ............. . . . . . . . . .... .. . 


59 


: - 27.562, 000 


1,626,158,000 




Wiseonsto ............. . , .... . . . . . ; , . . 


-5&. 


14,725,000 


854.050,000 


14,234,167 




58 


42,856.000 


2, 485; 648, 000 


41,427,487 


Iowa. . . . .... = 


58 


32:455,000 


1,883,390,000 


31,373,167 


Missouri .... . . . , .... . . , . 


m 


21,986,000 


1,297, 174, (KK) 


21,61&,567 


Kansas .... ... .... . . . r... 


56 


14.556,000 


815,136,000 


13,585,600 


Nebraska . . ........ 


58 


17; 449, 000 


1,012,042,000 


16,867,367 




59 


36,105,000 


2,133,735,000 


35,562,250 




60 


11,133,000 


667, 980, 000 


11,133,00C 




60 


72,000 


4,320,000 


72, OOC 


Colorado . ............................ .... . . . 


61 


3,419,000 


147,550,000 


2,459,311 




59 


297,000 


17, 623; 000 


292, 05C 




57 


30,704,000 


1,750,138,000 


29,168,80C 




59 


1,039,000 


61,301,000 


1,021, 6Si 




59 


1,509, m 


. 8e,031;ft}0 


. -l,483,85f 


New Mesico . . . . . . ...... . . . . . , . , . 


58 


- 921,000 


53, 418; WO 


890, 30( 


XTtah. . 


. 59 : 


: i,_6-4i,Q0i:> 


90,919,000 


1.515,31:: 


Washington . . ................. . . . . . . , . . , ... , 


59 


7,560,000 


4-16, 0^10, OOi) 






59 


63,000 


3,717,000 


61,95( 


Total...............................;.. 


58,4 j 457,218,000 


26^636,632,000 


444,777,20; 
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' V : - : • : ^ ^ . : exportation. ; - / - - 

Tlie exportation of wheat has a record as old as the Government of 
the United States. In the eighteenth eentiiry and tip to 1860 floiir 
took the lead of wheat in quantity. : Since that date grain in hnlli has 
been greatly in excess. Recently the tendency is manifestly favora- 
ble to a larger proportion of exports in the form of flonr. 

; Froni 18^6 to 1855 the average e 9,000/000 
bushels. After 1860 there was rapid increase in the volume of wheat 
exported/ rising to 20, to 30, and culminating at 33 per cent., or one- 
third of tho. crop shipped abroad for a six years. The last 
six years/ however, mark a period of decline to 26 per cent. It is 
doubtful if pne-f purth of the crop oan hereafter be exported, as other 
wheat-grovfing nations will doubtless divide th^ trade, which is lim- 
ited by an uncertain measure of deficiency. ; 

The f ollowing table shows the exportation of wheat, and flour in its 
equivalent of wheat, by decennial periods from 1831 to 1880 and by 
years froni 1881 to 1886: - 



Decennial periods. 


- Quantity. ;. 


- : " - : - : ^ Value, : - 


Wheat. 


Flour. 


Total wlieat. 


Wheat. 


Flour. 


Total value. 


1831-^40.;:.....:.. 

1841-'50 .......... 

1851-^60........... 

18G1-70-........... 

isn-w.. 


Bushels. 
3,456,986 
13,131,506 
55,355,528 
220,115,995 
667,429,799 


Bushels. 
46,674,480 
92,797,625 
144,638,930 
156,246,370 
186,782,602 


Bushels. 

49,131,466 
105,9.29,131 
199,894,458. 
376,S63/385 
854,212,401 


Dollars. 
2,554,432 
15,701,878 
75,208,680 
205,998,699 
830,177,931 


Dollars. 
■ .56,579,601 
100,451,897 
180,14:3,666 
225,713,645 
250,492,748, 


Dollars. 
59,134,033 
116.133,775 
255,352,346 
521,712,344 
1,080,670,669 


1881................ 


150,565,477 
95,271,802 

106,385,838 
70,349,012 
€4, 653; 714- 
57,759,209 


35,756,037 
26,030,587; 
- - 41,425, 488 
41,185,170 
47,916,653 
" 36,808,585 


185,331,514 
121,892,389 
147,811,316 
111,534,182 
132,570,367 
94,565,794 


-167,698,485 
112,929,718 
119,879,341 
-75,026,678 
72,933,097 
50,262,715 


45,047,257 
36,375,055. 
54,824,-459 
51,189,696 
52, 146, 336 
38,442,955 


" 312,745, 7.43 
149,304,773 
- 174,703,-800 
126, 166,374 
125,079,433 
88,705,670 


1882............... 


tm..\ . ...... 

1884.;....".... 

1885:.;;/,.;:...... 

-1880.-..;.:.:.....;... 



^■/.^ V-OATS. . - - - .: - "\ ' 

The tendency is towards enlargement of the cultivation of oats, as 
in the case of corn. Theother grains are used almost exclusively for 
human: eonsumption, and do not, therefore, admit of such extension. 
An increase of about half a million acres occurred in 1886. The sea- 
son was moderately favorable, the averages^o condition being: June, 
95.9; July, 88.8; August, 87.4; September, 90.9, As in the case of 
spring wheat, there was a sharp decline in July; in August condition 
remained nearly stationary, and on the 1st of September a material 
improvement was shown. The product of oats is (in round numhers) 
624,000,000 bushels, 5,000,000 less than in 1885, grown on au area of 
over 23,000,000 acres, and valued at $186,000,000. The average yield 
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is ^6.4^ns}iels,^a;gainst^^2^^ Tfee average value is Mgher-- 

29,8: Gfets per tosliel against ^ - : 



states atod TerritorieB. 



. Maine:. .^-..-v 

New Haitipsliire . 

Vermont ..... . . , 

M«ssaeliusetts". 

fihode Island. . 

GQimecticut . . . . . 

New YoaSc. . . . . . . 

New Jersey ... . . 

PenBsylYaaia , . . , 

Delaware. . . . . . 

Maryland . .T . . . . 

VirgitaffiV; . . , ; . . ; 

North Garolina., 

South Garolina . . < 
: GeorjE^ia ... 
' FlcsnSa,. 

Alabama.-.. .... 

Mississippi ....... 

Louisiana , 

Texas . . . 

Tennessee. . . . 

West Yii'gLaia. , . . 
Kentuclcy ....... . 

Ohio.............. 

Mi^btgEffi.. - . ^..i. . 
Indiaiia 

miiiois ..... .i . . . » 

Wisceamn. . ^ ... . , 

MKmesota . . . . r. 

Iowa,,../. ....... 

Missouri ......... 

KaiiBas 

Nebra^a v 
California. .>. . . 

Qi-egon 

Nevada V, .- 
Colorado,. . ...... 

Bakota. . ... 

Idako ............ 

Montaaia . 
Kew Mexico , . .-. 
Utah.... r.: 

Washington. ..... 

Wyorning........ 

Total....... 



Ac^3. 



m,7m 

: KB, 056 
6,353 

- m,m- 

137,455 

21,409 
113, 3S» 
m, 655 
683,084 
3M,265 
589, (K>1 
^ 51,467 
409,807 
355,001 
138 
552,966 

638; 699 
139,419 
486,630 
983, 606 
6S8, 116 
1,034,923 
3,2Sr,180 
1,398,349 
1,184,03,3 
2,298,753 
1,305,884 
904,930 
742,051 
" 80,348 
109,199 
7,858 
48,a07 
825, m 
34,770 
56,7?4 
15, 067 
S8,794 
88,393 
.2,756 



Bushels; 



23,658,474 



2,7mm 

l,O8i;0OO 
S,844,0t© 
788,000 
184,000 

1,12a, 000 

40,^33,000 
3,734,^ 
37,759,000 

2,470,000 
8,577,000 
6,276,00) 

m,m 

4,718,000 
3,368,000 
361, OX) 
11.389,000 
4,749,000 

7,m,m 

2, 803, OCX) 
10, 219, OCX) 
31,8S0,ffl» 
18,531,000 
31,798,000 
103,649^000 
39,656,000 
40,735,000 
78,454,000 
30,577,000 
25,516,000 
21,865,000 
2,317,000 
5, 102, 000 
250,000 
1,591,000 
30,651,000 
1,078,0(X) 
- 1,987,000 
528,000 
^ 868,000 
3,126,000 
86,000 



Valm 



634,134,000 



$1,080,490 

443^310 
1,433,280 

324,720 
80,960 

471,660 
14,078,050 
1,344,240 
12,838,060 

172,200 

815,100 
3,916,180 
2,824,200 
^,132,800 
3,180,600 

808,070 
2,925,160 
2,M,840 

1^,7^ 
6,684,500 
1,994,580 
2,534,400 

840,900 
0,270,080 
8,9lS,00d 
6,297,140 
8,585,460 
26,948,7^ 
11,103,680 
10,183.750 
18, 044; 420 
7,644,250 
6,379,000 
4/154,350 
1,019,480 
2,142,840 

125/000 

668,2^ 
6, 195, 300 

592,900 
1,092,850 

253,440 

343,200 
1,406,700 

47,800 



186,137,^0 



Ttia following statement of .forme:r ;cra^^ .stows tttat the average 
yield sirLce 1880 has been less than ,tlie average of the previons de- 
cade, and the price lower/ as is. the case with nearly all farm products: 



1880......,............: 

1881............................ 

1882../....;,.,......,.....,./.. 

1883.. ...............,./., 

1884.............,...../../,/... 

1885........../............/.... 

1886,............;..,.....,..... 

: Totsal .................. 

Anniial ayerage . . . ... . , ... 

AJinual aiverage for preceding 
ten years . < . - . . . . . . 



Total 
produetion. 


Total area 
of cropi 


Total valua 
oferop. 


Average 
value p&r 
bushel. 


Average 
yield per 
acre. 


Average 
valueof 
yieldperj 
acre. 


Bushels. 
417,885,380 
416,481,000 
488, 250, 010 
571,302,400 
583,628,000 
. 629, 409; 000-" 
624,134,000, 


Acres, 
16,ffi7/977 
16,831,600 
18,494,691 
30,824,962 
21,300,917 
22,783,630 
23,658,474 


DoUars. 
150,243,5^ 
193,198,970 

182, m,<m 

187,040,264 
161,528,470 
179,631,860 
186,137,930- 


Gents, - 
36.0 
46.4 
37.5 
38.0 
- - 28.0 
- 28. 5 
29.8 


Bitshels, 
25.8 
24.7 
26.4 
/2S.1- 
- 27. 4- 
2^'. 6 
26.4 


DoUas-s. 

11 48 
9 64 
9 57 
7 58 
7 «8 
. 7 87 


3,731,090,890^ 


139,582,251 


1,240,759,081 








633,012,913 


19,940,322 








8 89 


314,441,178 


;ll,^6,^23 


111,075,223 


35.3 




10 03 
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RYE. - _ - — " - 

Tills ^Tam is not poptilar in tite United States. It is used to a limited 
extent for-bread in cornMnation with maim in New England and- by 
the people, coming from Gontinental E"arope, and in a still smaller 
proportion for- distillation. The crop of 1886 was about an aYerage, 
^6,000,000 bushels in ronnd hnnabers^ yielding a little less than 12 
bnshels per acre. The foliowing statement shows the preYious pro- 
duction and Yalne: : " 



: Galen<iar years. 


TotalV 
production. 


Total area 
of crop. 


Total value 
of crop. 


Average 
value per 
bushel. 


. Ave.rage 
yield per 
aere. 


Average 
value of 
yield per 
acre. 


1881... .7... ...... 

1882^.....;.^., ...... .............. 

lS8a.....^,.v.......... ..... 

1^.. ...... ..v.. 

1885..,.......;.-....:,....;..,..... 

Amual ftTrerage .... . . ... . . . ^ . . . 

ABn«al av^age f or precsedlng 
ten years . - , ... ^ . 


Bushels. 

84,540,829 

:»,704,95O 

m, 900, 037 

28, 058, 583 

28,640,000 

21,756,000 


Acres, 
1,767, 619 
1,789,100 
2, 231', 889 
2,314,754 
2,343,963 
2,129,301 


Dalktrs. 
-ltt,&&'l,560 

18, 'm. 194 

: w,m,m^ 

14,857.040 
13,5M,B20 


Cents. 
75.6 
93.3 
61.5 
58. 0 
5.2.0 
- 57. 9 


Bushels. 
13.9 
11.6 
13.4 
12. 3 
12.2 
10.3 


Dollars, 
10 50 
10 80 
8 28 
7 04 
6 34 

&m 


163,660,399 


12, 572,626 ; 


. "100, 0^5, 533 










,^^093,438 


16; 680, 589 


65.1 


12.2 


796 


18,460,985 


: i;305,G6i 


: 1^,945,136 


70.1 




9 93 



"\ - / / \ BARLEY. 

This crop is one of restricted area and use. It is not siifficiently 
abnndant or cheap to take the place of corn and other cattle grains^ 
and is not used except in a Yery limited way in competition with 
other breadstuifs; California, howeYer^ is a local exception to this 
gtatemeKt; producing more than a fourth of the crop^ and using it 
estensiYeiy in feeding. Kew York^ the Northwest, and the Pacific 
eoast PogiM produce nearly all of it. The crop of 1886 was a full 
aYerage, or over 22 bushels per acre^ and the product nearly 60,000,000 
bushels. The follo'wing statement shows the course of productioa 
and values since 1870: 



1 c^encfcary©^ 


Total 
protoetion. 


Total area 
of crop. 


Total value 
of C5rop. 


Average 
value per 
bushel. 


Average 
yield per 
£tere. 


Average 
value of 
yield per 
acre. 


1^ . .i,.^., ...V. . .^.> , . . . V. . . . 
18^.,.... 

1883........................ 

4884................ ............ 

1885V............................ 


Bttshels. 

45,165,346 

41,161,330 

48,953, 926 

50.136,097 

61^203,000 

58,360,(X)O 


Acres. 
1,843,329 
1,967,510 
2,272, 103 
g,379,(X)9 
2,608,818 
2,739,359 


Dollars. 
30,090,742 
33,863,513 
- 30,768,015 
-29,420,423- 
29,779,170 
33, 867, 696 


Cents. 
66.6 
82.3 
62.8 
58.7 
48.7 
5G.3 


Bu^hels^ 
24.5 
20.9 
21.5 
21.1 
23.5 
21.4 


Dollars, 

16 33 

17 21 
13 54 
12 38 

11 41 

12 04 


304,979,699 


13, 800, 128 


.186,788,559 








Annual average for preceding 
tm fes^s. . . . i ... . v.. ......... 


50,8^9,950 


2,S0{>,m 


31,131,427 


61.2 


32.1 


13 54 


3%704>6^ 


1,529,357 


-S4,885,5(& 


73.8 


22.0 


16 27 



380 EEPORT OF THE COMMISSIONER OF AaKKJULTTOE. 



BUCKWHEAT. 

TMSj smallest in area aiicl product of tlie principal cereals, was 
somewliat xind.er average in yield, considerably less than the average 
of the preceding year, prodncing scarcely 10,000,-000 bushels. Two- 
thirds of the crop is grown in Kew York and PennsylYania, for coii- 
suniption in the form of breakfast batter-cakes, and used largely in 
the central cities and towns of the Middle. S The following 

Teeord is made f 



Calenclar years. 


Total 
pa'oduction. 


Total area 
of croi>. 


Total value 
of crop. 


Average 
value per 
bushel. 


Average 
yield per 
Acrti. 


Average 
value ot 
yield per 
acre. 


i880;:..;..v... ................... 

1881... V................ .......... 

1683;.......:..........;.......... 

1883...... V...................... 

im. ...-.;..v.,......:.-.v.....^. . . 

- Total ............ ...... 

Annual average . . . ... . .... . ■ . - 

Atiniial average for pi-ecediBg- 
ten years ...... — 


Bushels, 
14,017,535 

9,486,200: 
■ 11,019,B5B 

7, 668, 9n4 
11,116,01)0 
12, 626, 00*3 


822,802 
828,815 
847-,;il2 
857,349 
'879.4)3: 
914, o94 


Doliurs. 
8,682,488 

: 8,2ao,70o 
8, OSS, 863" 
6,303,980 
6-,549,€S0: 
7,057,363 


Cents. 
59.4 
SO. 5 
72,9 
82. 2 
59.0 

. 55.9 


Bushels. 
17.7 
11.4 
13.1 
.8.9 
12.6 
: 13.8 


Dollars. 
IX) 55 

9 90 
9 48 
7 35 
7 45 

. ■ -7 72 


m,m,m 


; 5, 140, 875 


^,837,418 








11,080,007 


8i-5B, 313 


_ 7,472,9(^ 


67.4 


12.9 


._8 71 


. 9,747,272 


551, .104- 


6,972,974 


71.5 


17:7 


13 65 



all: " CERE ALS. 



The increase in cereals is shown by the figures below, the average 
of the decade ended in 1 being 1, 872, 9®, 769, andvthat ot the last 
six years 2,686,870,943 bushels, an increase of over 30 per cent , which 
is" decidedly in advance of the ratio of increase of population, and 

serves to explain the relative cheapness of grain, aside from the 
general tendency to lower prices. The product for 1886 is about 
;2;84^0(}Q, 000 bushels, or 4:7 bushels per capita of present population^ 
and greater than the average of the period since the general census, 
ilie record is as-follows up to 1885: - . : r 



Calendar years. 


Busbels. 


Acres, 


Value. 


1880 ; . . ^ . . ... . . ..... . 

1881 . ^ , . . . . . ; . • ■ - - . ...:^..;.. . . .... ......... 

1882. 

1883 

1884 . .. .... . . .> . . . V. ..V. . ...... .... .. . 

1885 ... . . ... ........... . . . : . . . . .y, . : . . . . . . 

Total............. >v^...i,.... i........>^ 


2,718, 193,501 
2,066,029,570 
2,699,394,496 
2,629,319,089 
2,992,880,000 
3,015,439,000 


120,926,286 
123,388,070 
126,568,535 
130, 6333, 556 
136,292,766 
135,876,080 


$1,361, 497, 70:^ 
' 1,470, 957, 2'X> 
1,408,693,393 
l,2S0,765,92r 
l,l&t,311,520 
1,143,146,759 


16, 121,255,656 


773,685,293 


7,909,372j50a 




2,686,875,943 


128,947,549 


1,318,228,751 




1,872,993,769 


. 63,391,088 


987,857,142 



The potato (S'o?anum tuberosum) is gTOwn in all parts of the coun- 
try, not very extensively in the South, where it is little used except 
in spring, or grown for" Northern shiprnent as an early croj). The 
crop was a heavy one in 188$, and has s^^^ been declining to quite 
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moderate production, the yielding only 73 bushels per acre 

and a product of about 16.3,000, 000 bushels. The yield was good in 
the Eastem States, medium in Wew Torj^^ in Michigan 

and. pther Western States. The previous record is as follows: 



Calendar years. 


Total produc- 
tioii. 


Total area 
of crop. 


Total value 
of crop. 


Average 
value per 
bushel. 


Average 

yield 
per acre. 


Average 
value of 
yield per 
acre. 


1880.. 

1881... .........v..;........... 

1883.........^......:.......... 

1«34.. v.. ..w... ......... 


Bushels: 

167,659,570 

109,145,494 

170,972,508 

208,164,425 

190, 642,000 

175,029,000 


Acres. 
1. 843, 510 
2,041,670 
2,171,636 
2,289,275 
2, 220, 980 
2, 265, 823 


Dollars, 
81,062,214 
99,291,341 
95,304,844 
87,849, 991 
75,524,290 
. 78,153, 403 


Cents. 
4S. 3 
90. 9 
55. 7 
42.2. 
39.6 
44.7 


Bushels, 
91.0 
53. 5 
78. 7- 
91.0 
85.8 
_ 77.2 


Dollars, 
$44 00 
48 63 
43 89 
38 37 
34 00 

- 84 49 




12,831,894 


517,i86,0a3 








Annual average for preceding' 


170,268,833 
139,837,175 


2,138,649 


86,1^7,681 


50.6 


79.6 


40.30 


1,514,045 


74,:653,771 


56.2 


- 87.7 


- 40.31 



Sweet-potatoes (5aifafos eduUs) are grown in the cotton States, 
and in a very limited way in others up to about the 40th degree of 
latitude. The product is increasing in the South with advance- 
ment of population. The area de Yotea to this crop in 1 8 8 6 was 1 argely 
increased in those States where it is a material part of the agricult- 
ural production, and condition on July 1 was high. The wet weather 
in the South during that month was not conducive to good growth, 
and there was a slight falling in the aver^^ of the larger States. 
This decline was continuing and more marked during August, and 
the figures of condition of Seiotember 1 gave evidence of local inju- 
ries frora supersaturation in some sections and drought in others. 
The October condition in the principal States was: North Cai*olina,^ 
93; Georgia, 90; Alabama, 92* Mississippi, .92; Tennessee, 95, and 
South Carolina, 94. : 

The crop may therefore be considered an average one, and may 
have reached 40,000,000 bushels. It slightly exceeded 33,000,000 
bushels in 1879. North Carolina and Georgia are States of largest 
production, producing each about 5,000,000^ M ' _ _ " 

^ ^ HAY. 

The crop of 1886 was fully as large as that of 1885, but less than 
the two large crops of 1883 and 1884— -aborit 45,000,000 tons— yielding 
about an average crop^ or uearly one and one-fifth tons per acre. 
The crop is an important one, and it is gratif ying to state that 
increasing attention is paid to it in the South, in connection with 
. improved stock-growing and dairying. The use of Japan clover 
{Lespedeza striata) ajid SQuthern grasses, and also of lucerne 
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(Medicago scdira) is nicr^asiiig- rapidly, with many striking and 
cheering res alts. The recent record of liay stands: 



Calendar years. 


Total pro- 
tluetion. 


Total area 
of ci'op. 



Acres. 
25,8('3,055 
.30,888,700 
330. 585 
35, bib, 'MB 
38.571,593 
3'3,8i9,701 


Total value 
o^ orop 


Average 
value per 
ton. 


Average 

yield 
per acre. 


Average 
value of 
yield per 
acre* 


1880;./.. v.... V. ....v....i....... 

1881. .......................... 


— t: 

Tons, 
31, 925, 2:^3 
35, 135, 064 
38,138,049 
46,804,009 
48,470,460 
44,731,650 


UOUCt) S. 

- 374,811,084 
415,131,^ 
3ti0, ^58, 158 ■ 
3*;3, 834, 4j1 
B96,159,3(^ 
3^,752,873 


Dollars, 
11 65 

11 m 

9 70 
8 19 

: 8 17 

8 71 


1.14 
1.18 
i ^Jf* 

1. 0^/ 

1.26 

1.12 


14 38 
13 43 
11 44 
10 81 
10 27 
9 78 






203,029,482 


2,326,(^27,241 








Annual average for preceding- 


40.877,394 


38,S38,g47 


387,771,207 


9.49 


1.21 


11.46 


28,326^1150 


23,142,&il 


- 323,^,991 


-11.36 


1.23 


14.00 



TOBAGCO. 



The tobacco crop of 1886 was one of medium production, not yet 
fully determined as to qnaiitity, hut approaching nearly to 500,000,- 
000 pounds, ari<l f arnisliing a supply ecfLial to the wants of consump- 
tion and exportation. The rate of yield is not far from a,n.ayerage 
of 700 pounds- per acre. The previous: record reads: 



Calendar years. 


Total produce 

tiOHu 


Toteil area 
of crop. 


Total value 
of crop. 


Average 
value per 
pound. 


Average 

yield, 
per acre. 


Average 
value of 
yield pCT 
acre. 




Pounds. 

460,000.000 
- 450,8SO;Q14 
5 (3, or r, 558 
451,545,611 
541, 504. Om 
5<)3, 730, 000 


610,000 
646,239 
C; 1,522 

638,739 
724,668 
- 752, 520 - 


Dollars. 

39, 100,000 

43,372,000 

43,189,951 

40,455,362 

44, 160, 151 

43.2^,598 


Cents, 
8.6 

9.6 
8.4 

9.0 
8.2 

- 7.7 


Pounds. 
754.1 
697.-^ 
764.1 
706,9 
747. 2 
747.8 


Dollars. 
64 10 
67 11 
64 S2 
03 34 
60 94 
57 49 


2,979,743,213 


4,043,fl88 


253,543,(^2 








Annual average' for preced- 


496, 6®, 869 


673, 948 


42,2.57, 177 


8.5 


736.9 


62.70 


464,920,000 


629,944 


39,770,600 


8.& 


738.0 


63.13 

1- . -■ 



€OTTON. 



The area of cotton increased rapidly till 18G0, when the acreage was 
l^rohahly about 12,000,000 acres. From 1861 to 1865 very little cotton 
was gromi. The breadth in 1870 was not far from 7,000,000 acres. 
Extension has since been constant though unequal, and there is now 
in cultivation 50 per cent, more than in 1860. 

Comparing production since 1865 with that of twenty years prior _- 
to 186 L, the aniiuoJ crop has increased more than 50 per cent. Seven- 
tenths of all was exported in the form(-)r period; in the latter, not- 
withstanding the enlargement of the product, less than two- thirds. 

The season of 1886 was not a very favorable one for large produc- 
tion, especially that of planting and cultivation. The fine autumn 
did much, to ma,ke amends for the misfortunes of the spring and 
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summer. Indiea-tions point ta a crop a vei^ little smaller tiaii tiiat 
oi 18S5^ Miween. um a half million bales, 

\ After tlie excessivB raiiis of tto^ season^ whioli wrought Berious 
injury aiid threatened, still more, came tlie exceptional weatlier of 
tlie autHmn, wiiicli prevented discoioratioii or stains, and favored 
picking witlx a minimum amount of dirt or trasliV ripened fully 
the well-developed bolls. The unfavorable season of germination 
and cultivation and the highly eiicoiiraging period of ripening and 
harvesting were antagonistic eiements iix the production of the crop, 
which have naturally caused much difference of opinion among crop 
experts as to the magnitude of the harvest. The first caused a f aif- 
ure of growth, a shedding of foliage and fruitage, a weakening of 
plant vitality, which inevitably caused a reduction of the crop. But 
there were areas in aoil of strength and depth, well cultivatecl, where 
tlxe plants remained thrifty and vi in either fair or fine condi- 

tipn to produce a heavy yield under the favorable influences of ijhe 
later seasom The views and estimates of the harvest period were 
therefore naturally and properly more cheerful than those of thecom- 
mencenient of picMng.^ As the larger average and comparatively 
higher condition are mainly in the clistricts of richer lands and larger 
capacity for production, thes favorable autumn influences have been 
all the more potent, teiiding to enlarge th 

^ The close of picking is reported, the same as last year in the Caro- 
linas and Texas, one day earlier in Mississippi, two in Greorgia, 'and 
two later in Louisiana, four in Tennessee, and twenty-one in Arkansas. 
The dates are:; 

ber 30 ; Q-eorgia, December 1; Florida^ November 27; Alabama, De- 
cember '2; Mississippi, December 7; Louisiana, December 12; Texas, 
December 3 ;; Arkansas, December 25 • Tennessee, December 14, The 
late maturing of the crop extended the season slightly in. a few States. 
Only in Arkansas was the season: lengthened by inability to pick the 
heavy harvest earlier. . 

The average date of picking for the entire cotton belt was about 
two and a half days later than the previous year, as that was iiine 
days later than the season of 1884. ,The record of four years is as 

follows: : ■ > V: ; v ; 



1886. 



1885. 



1884. 



Virginia . .. . . . . 

North Carolina 
South Carolina 
.Georgia.. ... . . . 

Florida ........ 

Alabama . . 

Mississippi...,. 
LtQuisiana. . . . . , 

Texas . . 

Arkansas ...... 

Tenxiessee . . . , . 



Jan. 
Dee. 
'Nov. 
Dec. 
Nov. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



Dec. 
Dec. 
Nov. 
Dec. 
.Nov._ 
Nov. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



Dee. 
Nov. 
Nov. 
Nov, 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Dec. 
Nov. 



Dec. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov.; 

Nov. 

Nov. 

Nov.'- 

Dec. 

Dec. 



12 



20 
80 
24 
26 
23 
30 
12 
10 



The returns of proportion marketed make the average to February 
1, 8&. 1 per cent. This would indicate a crop; of about 6,460,000 bales, 
a mere trifle above the November indicatioiiis of rate of yield. The 
proportions by States are as follows : Forth Carolina, 87; South Car- 
olina, 88; Q-eorgia, 85; Florida, 83; Alabama, 87; Mississippi, B4; 
Louisiana, 83; Texas, 86; Arkansas, 81; Tennessee, 83; The proper- : 
tion reported February, 1886, was 83 per cmt of the crop of i88o. 
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The qiiality of tlie crop is snperior. llarely if ever have tlie ro- 
tnrns of cleanness and color, combined withJengtH of staple, equaled 
iliose just received. Last year the State averages were 7 to 10 points 
short of the standard of good quality in all of the Atlantic coast States 
except Florida and in Alabama, and nearly as m:uch in Mississippi. 
Inihe other States it was near the normal standard. 

The price of seed is low. Complaint is made of combinations of 
oil-millers to reduce prices. Renters will sell at any price, sometimes 
as low as 5 to 8 cents per bushel. The best planters refuse to sell at 
ruhng rates/ The average in Mississippi and Louisiana is 10 cents, 
11 in Arkansas, 12 in Texas and Tennessee, 13 in South GaroHnB, 
Georgia, and Alabama, 16 in Florida, Feeders of cattle and sheep 
■pay^thehighestrates. : /^^^-^^-^^ V-,. n ^ 

If every planter would grind mto meal his surplus seed and teed it 
to fattening stock on the premises he would derive a handsome re- 
turn in meat, and have - more am better stores of fertilizers than 
though he nsed the entire supply in; the; usual _ mode of applying to 
the soil. It is important that the seed should be returned to the soil- 
even if sold to mills, the refuse, after extra(^^ oil, should be 
returned, or an equivalent for it procured from other sources. A 
epmbination to reduce prices of seed can easily be met by counter- 
combination of planters to sell only at its equivalent value for feed- 

■ iiig andf ertiKzing. A single planter, without concert withhis neigh- 
bor will increase ^h^ gains l3y individual refusaLto sell at 

^IOot 12 cents per bushel, feeding for meat instead, or even applying 
to-the fiu^row direct from the gin-hoiisQ.^^^^ It is a monopoly, therefore, 
that shonld easily be circumvehted,- with or without concert of action, 
at least by all intelligent cotton-growers ■ and returns indicate that 
they have already ineasufably appH^^ remedy. _ 

■ The return of lint to seed is generally higher than last year. The 
following table arranges the- statistics here i^^ 



. - :- ; / " V States. / ' ^ ■ /■"/;/^-\ \ - 


lint. 


Quality. 


Proportion 
marketed. 


.Price of 
seed per 
bushel. 


Virginia ..... .... ....... ■ • • — • 

North Oarolina. ...... ... .......... ... — . ■ • ^-^ 

Soutli Carolina .............. • • ... v-> ■ • • • ; ■ - 

CQorsia .... .v.. . ..^..-^ - v* ^.-r.^.v.... 

Florida 

Alabama ................... ... . ............. ^ . ■ ■ ■ ? ■ ' • ■ ........ 

Mississippi. . . . ... - ■_. • • * ■ - ■ • • • • • — • ■ - • •> • • • 

Louisiana . ; . . , . ........ .....-........-.-......-/.>. 

Arlvansas . . , . . . • . .-. i ........ - • - • • " *.•.• *> • • • • • • 

Tennessee .... ..... . . » ... . . — .... . . . ; . * • • ^ • v ! • • 


Per cent. 
81.5 
31.5 
3,2.0 
- 32.0 
33,5 
SI . 5 
31.5 
81.5^ 
33.0 
33.0 
3^.0 


Per cent. 

m 

- 101 

m 

100 
100 
100 

m 

100 
98 
100 
100 


Per cent. 

- 83 
HT 
- -83 
- 85 
83 
87 
84 

- > »3 

. 81- 
63 


Cents. 
39 
14 
13 
13 
16 
13 
10 
10 
12 
11 
IS 



LAST year's COTTOW CROP. 



The National Cotton Exchange made the record of the cotton 
movement of the product of 1885 6,575,691 bales. : The Mnancial 
Chronicle record aggregates 6,550,215 bales of 485.40 pounds each, 
against 5,669,021 bales of 481.21: pounds; or, in pounds, 3,179,456,091 
and 2,:72?',967,317 pounds, respectively, showing an increase of 451,- 
488ympounds, or 1 cent., over the crop grown m l 884. In 

actual bales the increase by this record is 881,194, and in bales of the 
same size as those of 1884, :938, 236. T 
nearly as large. 



KEPOKT OF THE STATISTICIAN. 

It is a noteworthy f act, and a clieering^ growers of tlie 

world's supply of cotton, that an nicrease of more than 16 per cent, 
has caused a decline in export value (according to the record of ex- 
ports for the year ended June 30) of less than 7 per cent. Had the 
present crop been sold at the price paid for the previous one, the 
growers would have received scarcely twenty million dollars more. 

The cotton movement, if assumed to be without error (and the two 
: statements diiter by 25,000 bales last year and 37,000 the year before), 
does not necessarilj^ represent exactly the product grown in a given 
year, but does so substantiaHy, and affords the best available test of 
the accuracy of our crop returns, What is the result of this test ? 

Stated briefly, the last four CTO^^^^ the return of the present 

Statistician to his work have been indicated, with one exception, with 
nearly as much precision as by the ultimate record of the movement 
itself, the discrepancies being a fraction of one per cent. No non- 
official estimates have approached the departmental results in degree 
and uniformity of accuracy, and some of them have made annual dis- 
- crepaiicies of a fourth to half a million bales. 

In 1882 the October condition was 88, indicating 10 per cent, more 
than an average product, and, compared with 6G for the previous year, 
^ - would indicate nearly 7,000,000 bales.'' In November the returns 
of yield per acre indicated more than3,000,000,000 pounds of net lint, 
but this was not given as tha full estimate of the year's production. 
In the final report the local estimates f ooted up 6,835,000 bales, which 
was assumed to be slightly underestimated, the Statistician adding : 
: ^' Should these returns of product prove conservative as usual, the 
movement would not be less than 7,000,000 bales." The National 
Cotton Exchange made its ultimate record of the movement 6,949,756 : 
bales, and the Mnanc^ Chronicle 0,992,234 bales. 

In. October, 1883^ it was said: /Mndications point to a crop a little 
larger than that of 18 (which w^as o,4D0, 048), but falling short of 
last crop by more than 1,000,000 bales/' The local estimates of yield 
per acre j)ointed to a reduction of 14 to 15 per cent. The returns 
gave expectation of about 6,000,000 bales, but the final report in Feb- 
ruary indicated a crop somewhat less than 6,000,000 bales, or from 84 
to 86 per cent, of the. previous crop. This was 2 or 3 per cent, too 
high, as the movement was 5,713, 200 bales, between .82 and 83 per 
cent, of the previous crop. This is the only season of recent years in 
which the discrepancy was as much as i per cent. 

The crop of 1884, in October, was reported in lov/er condition than 
in September by 8 points, and the prospect of a top crop, as reported, 
was ^^reduced to a minimum," though the county estimates aver- 
aged 0. 36 of a bale per acre. The final report indicated a smaller 
yield than the returns of condition in October, and the aggregate of 
local estimates was 5,646,441 bales, and the Statistician summed up 
the expectation from all these returns of a crop of about 5,667,000 
bales." The Financial Chronicle record was 5,669,021 bales, and 
that of the National Cotton Exchange 5,706,165 bales. 

In OGtober of 1885 the prospect was more favorable than in No- 
vember and December. The county estimates of yield per acre, when 
consolid£]|ed, made an average of 36.75 of a bale per acre, which 
AVould forecast a crop of nearly 6,667,000 bales. ^ The returns of con- 
dition the sama month were equally favorable, indicating an increase 
of 1,000, 000 bales in round numbers, " subject to future meteorological 
conditions," and not to be considered a final estimate, "as the data 
25 Aja—m : ^ ^ 



me 
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of killiiig frost and the autumn weather may easily cause a valuation 
of a quarter of a million bales.'' 

In Kovemher it was reported that '' the top crop is very light, and 
in many places scarcely an appreciable quantity." These returns 
were locah estimates of yield per acre in pounds, which were some- 
what lower, looking to a yield of about 6,500,000 bales. The final 
report summed up the crop prospects in these words : " The indica- 
tions point to a crop approximating the November estimates of yield 
per acre, which looked to a product slightly exceeding 6,500,000 

The recorded movement stands : By the Financial Chronicle, 
6,550,215 bales; by the National Cotton Exchange, 6,575,691 bales. 

Thus the crop of 1885 was foreshadowed as fairly and almost as 
fully as it could have been if the result had been published a year in 
advance of the completion of the actual <jount of bales. 

It is 57 per cent, of the cotton product of the world, though Ameri- 
can cotton planting is an industrial growth of less than a hundred 
years, while India, the original source of commercial cotton, pro- 
duces only a third as much, 

CEOP ESTIMATES FOE 1885. 

It should be understood that the following table does not include 
all the crops of each State^ and that no comparison of the agricul- 
tural prominence of States can be fairly made from it. The only 
comparison that is practicable must relate to the specific crops named. 
Sugar and rice, fruits, market gardening, aud meats in the South, 
and flax, hemp, broom-corn, dairy products, and meats in the West, 
and many- other products, some very local in distribution, in these 
and other sections of the country, are not included, simply because 
they are not estimated annually in sufficient detail. This explanation 
is made to prevent captipiis suggestions of unfairness to the different 
sections, which are absurd and unreasonable. 

Table showing the product of the cereals, potatoes y tobacco, Kay, and cotton of the 
several States iiaTrted, the yield per acre, the total acreage, the average price in 
ea<^ State, a/nd the Miie of each crop, f 07^ ISSd, 



, - - states. 


Products. 


Quantity 
produced in 
1885. 


Average 

jield 
per acre. 


Number of 

acres in 
each crop. 


Value per 
unit of 
quantity. 


Total 
valuation. 


Maiae . ............ 

New Hampshire . . . 


Indian corn bushels. . 

Oats . . ... . . . . . . . . .do . . . . 

Barley . ......... . .do. . . . 

Buckwheat . . . . . . .do; . . . 

Totar............... 


1,009,000 
506,000 
29,000 

2,622,000 
276,000 
371,000 

6,204,000 
976, 646 


32.3 
13.8 
12. 2 
31.0 
22.4 
17.5 
100.0 
.85 


31,222 
41,126 
- 2,S8o 
84,570 
12,302 
21,185 
62,035 
1,148,995 


$-0 70 
1 25 
84 
40 
69 
54 
42 

11 93 


$706,300 
707,500 
24,327 
1,048,800 
190,140 
200, 199 
2,605,470 
11,670,920 






1,403,820 




17, 153,656 


Indian com . . . .bushels. . 
Rye .... ...do.... 

Barley , ^ . . . , i ... .do . . . . 

Total............... 








1,299,000 
174,000 
41, OCX) 
1,092,000 
84,000 
95,000 
2,785,000 
5^,169 


33.8 
15.4 
12.5 
34.7 
22.4 
^.1 
102,0 
.80 


38,386 
11,267 
3,280 
31,506 
3,745 
4,737 
_ 27.304 
058,961 


71 
1 24 
83 
42 
69 
64 
44 
13 75 


922,290 
1^15,760 
34,030 
458,640 
58,141 
51,160 
1,2,25,404 
6,721,405 






779, ISO 




9, 686, 830 
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Table showing the prodiiet of the cereals, pntatoes, hay, and cotton, dErc— CGnthiued, 



States. 



Vermont 



Massachusetts . 



Rhode. Island . 



GbnnecticTit . 



New YorJi. , 



New Jersey . 



Products. 



Quantity 
produced in 
1885. 



Indian corn . 
Wlieat 
Itye ......... 

Oats......... 

Biarley . .. ... 

Buckwh eat . . 
Potatoes .... 

Hay........ 

Total . . 



.bushels. 
....do... 
....do... 
./..do... 
....do... 
....do... 
....do... 
,. .tons... 



Indian corn . 
Wheat ...... 

Rye. 

Oats ., 

Barley ...... 

Buckwheat . . 
Potatoes . . . . 

Tobacco .... 

Hay........ 

Total.. 



.bushels. 
. . . .do. . . 
....do... 
....do... 
....do... 
....do... 
....do... 
.pounds. 
tons. 



Indian corn . 

Rye ... 

Oats. 

Barley 

Buckwheat . 
Potatoes. . i .. 
Hay ........ 



.bushels. 

do... 

do... 

....do... 

....do... 
,..._.do... 
. ... .tons. 



1,979,000 
390,000 
85,000 

3,80i),000 
205,000 
366,000 

3,650,000 
902,700 



1,961,000 
17,000 
275,000 
753,000 
. 83,000 
59,000 
3,428,000 
8,7SS,00a 
; 661,077 



Total . 



Indian corn , 
Wheat....... 

Rye ........ 

Oats ...... 

Barley , ..... 

Buckwheat. 

Potatoes 

Tobacco. . . . 
Hay;,,.....^ 



.bushels. 
.....do... 

....do... 
do... 



....do. 

....do... 

....do... 

.pounds. 

....tons. 



Total . 



Indian com . 
Wheat. ...... 

Rye.. 

Oats. ........ 

Barley ...... 

Buckwheat . . 
Potatoes.. . . . 

Toba,cco ..... 

Hay 



.bushels. 
....do... 

do... 

....do... 
...do... 
...;do... 

,....do... 
, .pounds. 
. . . ..tons. 



Total . 



Indian corn . 
Wheat...... 

Rye..... .... 

Oats......... 

Barley. ...... 

Buckwheat . , 

Potatoes 

Hay 



.bushels. 
....do... 

....do... 
.....do... 

....do... 
.....do... 

....do... 
tons. 



Total . 



429,000 
1.5, OOX) 

167,000 
19,000 
1,000 

668,000 
69,657 



Average 

yield 
per acre. 



32.2 
17,7 
13.2 
36.4 
25.3 
20.5 
98.0 
- .90 



15.7 
11.3 
31.0 
- - 33. >2 
11.1 
100.0 
1,464.0 
1.05 



33.5 
10.9 
26.3 
24.0 
7.9 
105.0 
.80 



2,033,000 
31,000 
382,000 
.1,090,000 
14.000 
140.000 
2,811,000 
12^066,000 
551,431 



22.448,000 

10/565,000 
2, 658,000 

38,670,000 
7,478,000 
4,600.030 

19,996; 000 

io,2;m;ooo 

5,210,266 



11,212,000 
1,395,000 
1,140,000 
3.556,000 
5,000 
478.000 
3, 069; 000 
493,279 



35.0 
14.1 
13.0 
~"28.5 
- 22.2 
12. 6 
90.0 
1,575.0 
.95 



30.7 
15.4 
11.0 

27.9 
22. 0 
14.8 
5(5.0 
1,520.0 
1.05 



32.0 
9.7 
10.8 
26.6 
19. 5 
13. 5 
75.0 
.95 



dumber of jValue per 
acres in unit of 
each crop, quantity. 



61,488 

22, 007 
6,418 
104, 565 
11,711 
17, 862 
37,304 
1.003,000 



1,264,355 



57,688 
1,080 

24, 294 

24, 267 
3, 248 
5, 334 

34, 255 
2,594 
639, 597 



SO 64 
1 11 
74 
37 
70 
53 
35 

11 00 



12, 818 
1,372 
6, 353 
791 
126 
6,366 
87,071 



114,897 



5S, 140 
2, 193 
29, 393 
38,262 
632 
11,087 
31,229 
7, 661 
580,454 



759,051 



731,196 
687,367 
241,661 

1,385,245 
339,922 
311,434 
357, 075 
6,733 

4,962,158 



9,022,791 



3,50,370 
143,097 
105,588 
133,451 

257 
35,-376 
40, 916 
519,241 



81 
43 
72 
55 
57 
12 
18 50 



72 
83 
44 
.?'2 
.78" 
56 
18 30 



63 
1 05 
75 
42 
74 
60 
55 
12. 
18 00 



58 
96 
67 
36 
71 
53 
45 
10 
12 75 



53 
95 
65 
37 
75 
60 
54 
16 50 



1,328,296 
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Table showing the product of the cereaU,^^^^ hay^ and cotton, cfec— Continued. 



States. 



Pennsylvania . 



Delaware . 



Maryland... 



Virginia . 



North Carolina . 



Bouth Carolina . 



Products. 



Quantity 
prodacedin 
166a. 



Indian corn . . 

Wlieat. . . 

Rye .......... 

Oats..,......, 

Barley ....... 

Buckwheat.. . 
Potatoes ..... 

Tobacco. . .- . . 
Hay......... 

TotaV... 



Indian corn. 
Wlieat ...... 

Rye.: 

Oats..., ... .. 
Buckwiieat. . 
Potatoes — 
Hay .......... 



.bushels.. 
.....do... 

do.... 

.....do.... 
....do... 
,....do..,. 
....do.... 
. .pounds, . 
... . .tons.. 



.bushels. 

do. . . 

....do... 
. . . .do. . . 

do... 

....do... 
., ...tons. 



Total ...... 



Indian corn . . . .bushels. 

Wheat ....... do... 

Rye ...do.. . 

Oats. .do... 

Barley do... 

IBucikwheat. . . .do . . . 

rotatoes ...... . . . .do. - . 

Tobacco. ...... .pounds . 

Hay......... .tons. 

Total..;........... 



Indian corn . , 
Wheat..... r.. 
Rve .......... 

Oats..... 

Barley 

BuciiwUeat. . . 
Potatoes ..... . 

Tobacco. . . . 

Hay .......... 

Cotton 

Total... 



Indian corn . 

AVheat 

Rye 

Oats 

Barley 

Buckwheat.. 

Potatoes 

Tobacco..... 

Hay......... 

Cotton .. — 



.bushels. 
....do... 
....do... 
....do... 
...do... 
....do... 
.. ..do... 
.pounds. 
, . ..tons. 



.bushels 
....do.. 
....do.. 
....do... 
....do.., 
....do.., 

do.. 

....do., 
.pounds.. 
bales. 



Total . 



Indian com . 
Wheat ...... 

Rye .... 

Oats 

Barley . . . . . . 

Potatoes . ... 

Hay. 

Cotton 



.bushels 
,....do.. 
,....do.,.. 
....do... 
,...,do... 
....do... 
....tons. 
. . ..bales. 



Total , 



Average 

yield 
per acre. 



46,074,000 
13, 825, m 

3,298,000 
34,326,000 

- - 485,000 

3,897,001) 
13,700,000 
23,302,000 

a, 733,57^1 



32.5 
9.7 
8.2 
26.3 
13.5 
14. a 
72.0 
1,000.0 
1.0 



4, 174, GOO 
957, 000 

0, (.100 
501,000 i 

5,000 I 
31.5,000 I 



19.3 
10.7 
7.0 

AL4 
70. 0 

.00- 



V), 900, 0C!0 
5, 534, i-W 
240,000 

- r>, 000 

114,000 
1,5:3«, OCO 
2«, 55.2, CHX 
■ 272,03r 



3i/838,<XX) 
2,8-5^^,(1)0 
3;.'.S,000 
8,664,000 
20,000 
187, 000 
-2, 102,000 
107,711,000 
251,541 
14,821 



25,100,000 
2,790,000 
273,000 
4,483,000 
3, 000 
.52,000 
1,256,00^3 
37,417,000 
90, m 
407,2.30 



13,453,000 
1,170,000 
3.2, OiX) 
3, 510. 000 
10, 000 
235,Ci00 
4,336 
554, 652 



22.0^ 
0. 5 
7. 8 
22.3 
. 21.7 
13.0 
75.0 
G03.0 
.95 



14.9 
4.4 
6.7 
13.9 
17.0 
0.0 
60.0 
0.55.0 
.85 
.33 



U9 
4.1 
4.2 
7. 5 ^ 

10,9 
8.4 

61.0 

mo 

.95 

.33 



9.0 
5.3 
4.0 
8.5 
12. 9 

m.o 

1.0 
.32 



Number of 

acres in 
each crop. 



Vahieper 
unit of 
quantity. 



1,417,030 
l,im2i!4 
402, 179 
1,304,023 
26, 104 
274,415 
190,280 
23,392 
2, 73H,o7'2 



7, 756, 409 



216,595 
89, 103 
. 857 
21,197 
437 
4, 14 J 
: 49, 628 



381,958 



726,330 
580, 482 
30,759 

ni,ioo 

277 
11,106 
20,378 
4^,065 
286,355 



1,809,8.58 



2,132,2;S0 
651,140 
4fi,210 
621,2:30 
1,175 
20,734 
35, 037 
164, 445 
295,930 
- 44,913 



4,015,050 



2,545,126 
(i82, 888 
64, 895: 
599,117 
2(6 
6,156 
20,597 
r/, 1)52 
101,768 
1,071,658 



5, 170,4;i3 



1,487,341 

220,030 
8,036 

413,963 
1,236 
3.911 
4, 336 
1,733,289 



3,872,142 



$0 49 

96 

66 

36 

70 

54 

47 

10.5 
13 50 



40 

95 
75 

as 

55 
50 
14 50 



46 
- 91 

65 

35 

63 

60 

49 
7. 3 
13 75 



- 47- 

93 

67 
" 41 

65 

61 

51 
7.4 
13 28 



55 
1 00 

85 

50 
! 10 

65 

57 

10.6 
11 68 

*8.5 



56 
1 10 
1 00 

54 
1 10 

75 
13 75 

*8.S 



* Per pound. 
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Table shoimifig ilie product of the cereals, potatoes, iiay, and coi^on/cfcc— Continued, 



States. 


Products. 


Quantity 
produced in 

.1885.. 


Average 
; yield 
per acre. 


Number of 
acres in 
each ci'op. 


Value per 

unit of 
quantity. 


Total 
valuation. 




Indian com . . . .bushels. . 

Wheat do. . . . 

Rye ...... .........do.... 

Oats do. . . . 

Barley do 

Potatoes do 


32, 162 (XX). 

121,000 
6,5195,000 

24,000 
578, 000 

15,042 
960,025 


11 3 

4.5 

9.0 
14.1 
63.0 

1.0 
.315 


45S, 373 
20,814 
709,040 
1,699 
9, 175 
16, 642 
3,047, 698 


' 1 09 
1 13 
53 
1 09 
94 
13 84 
**8. 5 


ijlo, U.;o, UdU 

3, 070,530 
136, ;M9 
3, 389, 350 
20,143 
543,344 
230,323 
30 413 




Total 










65,463,827 


Indian com bushels . . 

Potatoes do 








3,799,000 
519,000 
155,000 
370 
73,8;37 


9.0 
0.7 
80.0 
.70 
.27 


420,070 
53, 611 
1,938 
528 
273,473 


70 
67 
1 00 
18 00 
*13.0 


2,659,300 
347,730 
155.040 
6;660 

4,357,860 








749, 620 


1 7,526,590 


Indian com bushels . . 

Oats ....do.... 

Potatoes . . . . ... . . .do. . . . 

Hay tons.. 

Total. 

Ind.iari com . . . .bushels... 

Oats , . ..... . . . . , . do. . . . 

Potatoes , ,. . . .do. . . . 


~ 

31,405,000 
1,307,000 
28.000 
4,015; COO 
617,000 
. 13,398 
760,447 


— — — 

13.4 
5. 5 
4,7 

1.2.2 

60. o: 

.94 

.372 


2,346,114 
239, 4o7 
5,938 
401,772 
9,353 
14,147 
2,795,760 


55 
1 03 
1 10 

.54 

97 
12 73 

*8.5 


17,272,750 
1,346,210 

OU, 

. 5,654,100 

OvOf 1 1 a 

169,284 
31,349,428^ 


Missisdippi......... 






5,812,551 




63,421,251 




^,765,000 
190,000 
3,96^^,000 
576,000 
11,009 
1,019,470 


13.4- 

4.9 
11.2 
68.0 

1.0 
402 


1,927,392 
38,4-13 
355,001 
8,471 
11,009 
2 535 994 


54 
1 04 

55 
85 
11 75 
*8,5 


13, 013, 100 
197, 600 
2,179, 100 

ISO, 061 
41,854,341 




Total.....:........ 






Ol w, Oi u 




58,763,826 


Indian corn — bushels . . 
Oat^ .......... do ... . 






15,410,000 
4^0; OCH) 
400, 000 
38, 984 
, 487,722 


16.8 
11.4 
70.0 
1.0 
.•iS5 


917,377 
30,875 
0, 061 
38, 984 
1,005,613 


53 
47 
84 
11 00 
=*^8.5 


8,167,300 
197,400 
391,607 
42^^,824 
20,106,339 




Hay.... tons.. 

Cotton . ......... .bales . . 

Total............... 

Indian corn .... bushels . 
Wheat - do. .. . 

Oats . do 

Barley . ... .. ..do... . 






2, 005, 510 




29,291,530 




S4-, 406 000 

e! 117^000 

' 41, 0C!0 
14, 211,000 
130, 000 
651, 000 
83,899 
l,S3S,Ca7 


20. 6 
li".2 
7.0 
27. 8 
10.3 

m.o 

.05 
.38 


4 090 445 
'545I4O8 
5,821 
512, 006 
7,993 
9,579 
83, 315 
3,505,335 


49 
80 
67 
37 
54 
90 
10 78 
*8.3 


41,a58,940 
4,893.600 
27,300 
5,258,070 
70,3r>4 
586,235 
001,431 
54, 013, 107 








8,764,960 




107,712,037 










Indian corn — bushels, . 
Wheat ........ do.... 

Oats , .do. . . . 

Potatoes do. . , . 

Tobacco. -. .... .pounds. . 

Total 


38,300,000 
1,505,000 
37, 000 
5,313.000 
933, 000 
1,600.000 
20, 701 
610, 666 


. 20.2 
6.5 
6.6 
21.1 

76.0 
v'00.0 
1.0 
- .453 


1,898,327 
240, 997 
.4,114 
251,284 
. 12,208 
2, 294 
29,701 
1,348,043 


46 
1 00 
79 
45 
66 

11 00 
*8.5 


17,622,140 
1,565,000 
21,393 
2,390,850 
615,363 
112,406 
326,711 
25,226,612 








3,787,033 




47,880,475 











*p0r pound. 



390 RM-ORT OF THE COMMISSIONER OF 
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States. 



Teniiessea - . .. . 



West Virginia . 



Kentucky. 



Ohio 



Micliigan . 



IncUana.. 



Prodiicts. 



Quantity 
produced in 
"1885; 



ludian com . 
Wheat ...... 

Rye... 

Oats 

Barley 

Buckwheat. . 
i'otatoes . , . • 
Tobacco. 
Hay......... 

Cotton" 

Total . . 



.bushels. 
:;....do... 
-do. . . 



....do. 

....do... 
....do... 
....do... 
.pounds. 
, . ... .tons, 
bales. 



Indian corn . . . .busliels 

Wheat . . . . . . :do. . . 

Eye . ..............do. . . 

Oats .do. . , 

Barley ... . . ... . . . .do. . 

Buckwheat ........ do . . 

Potatoes do. . 

Tobacco pounds 

Hay..-. ......... ....tons 

Total..... 



Indian corn . 
Wheat 

Rye 

Oats 

Barley ...... 

Buckwheat. . 

"ir'otatoea 

Tobacco. .. .. 
Hay......... 

Total ; , . 



Indian coni . 
Wheat ...... 

Rye......... 

Gats , . 

Barley 

Buckwheat , 
Potatoes . . 
Tobacco. . . 
Hay 



.bushels. 
....do... 
...do... 
....do... 
....do... 
....do... 

do . . . 

.liounds. 
, ;...t6ns. 



.bushels. 
....do... 
....do... 
. . . .do. . . 
. . . .do. . . 
. ...do... 
.,..do... 
, .iDOundsr. 
tons. 



Total . 



Indian corn . 
Wheat ...... 

Rye......... 

Oats 

Barley 

Buckwheat. . 
Potatoes . . . . 
Hay. 



Total 



.buslaels. 
.-...do... 
....do... 
....do... 
....do... 
....do... 
... do... 
, ." . . .tons . 



Indian corn . 
Wheat 

Rye 

Oats 

Barley/ . .... . 

Buckwheat . 
Potatoes ... 
Tobacco. . . . . 

Hay......... 



.busliels. 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
..liomids. 
. ...tons- 



Total . 




Average 

yield 
per acre. 



15, 82i . 000 
1,493,000 

89, OUO 
- 2,831.(X)0 
0, 000 
. 413,000 

2,782,000 
289,841 



90, 5G9, 000 
3, uiO, COO 
405, 000 
10,225,000 
^43.000 
J 1,000 

o,ys7,aoo 

200,423, 000 
313, 200 



111,805,000 
20,593,000 
389, 000 
&?,4T0.00C> 
.832; 000 
182,000 

707, 000 
2,';^18,900 



30,700,00(3 
31,261,000 
250,000^ 
31,789,000 
1,209,000 
433,OCfO 
12,880,000 
i; 507, 232 



131,994,000 
20,059,000 
278. 000 
27, 178,000 
" 200, 000 
89,000 
6, 779; 000 
0,5f)3,000 
1,702,560 



.21.2. 

5.2 

17.3. 
13.5 
10.3 
65:0 
575. 0 
1.10 
.372 



23.-8 
5.6 
5.0 

20.5 

io.o 

10. 6 
70. 0 
GU4.0 



2,'3. 5 
3.0 
5.3 

SO. 8 

17.5 
9.5 

67.0 
790.0 
1.0 



37.1 

10.2 
11.0 
37.3 
20.5 
14.0 
- 75.0 
9.20. 0 
1.10 



32. 7 
19.3 
11.3 
35.4 
23.3 
12.8 
-87.0 
1.20 



35.5 
10.6 
11.0 
20.8 
17.3 
10.3 
72.0 
720.0 
1.20 



Number of 
acres in 
each crop. 



3,569,590 
1,175,882 
34.092 
620,096 
3.112 
5; 833 
.38,937 
- 40,850 
20^-; 202 
8G4, 018 



-6,507,872 



065,409 
268, 901 
17,744 
138,039 
578 
89,331 
27, G09 
4,190 
353,465 



1,515,326 



3,551,607 
1,055,700 
93,347 
491 , 545 
19, .-^04 
1,152 
50,556 
265,093 
313,200 



5,841,884 



■3,017,4C)4 
2,018,952 
35,394 
1,003.080 
40;.'j83 
12, 995 
166,035 
- 86,703 
2,499.000 



8,830,806 



938, (382 
1,623,929 
. 22,118 
615,800 
51, 874 
33,826 
148,048 
1,256,027 



4,690,304 



3,7.20, 681 
2,518,455 

25,256 
1,014,630 

15, 398 
8, 737 

94,151 

13.324 
1,468; 800 



8,879,432 



Value per 
unit of 
quantity, 



$0 39 

95 
7'(j 
34 
62 
00 
46 
7 

11 67 



40 
1 01 
70 
35 
55 
61 
43 
7.6 
11 41 



35 

95 
71 
33 
07 
67 
42 
6.5 
10 25 



91 
00 
27 
67 
05 
39 
6. 

11 44 



34 
84 
59 
28 
60 
58 
34 
10 71 



29 
86 
59 
25 
55 
65 
36 
9 

■ 79 



Per pound. 



REPORT OF THE STATISTICIAN. 391 



Table slwwing the prodiict of the cereals, potatoes, hay, and cotton, etc.— Continued. 



States.. 


Pz'oducts,: 


Quantity 
produced in 
^ 1885. 


Average 
. yield 
per acre. 


Number of 

acres in 
each crop. 


Value per 

unit of 
quantity. 


Total 
valuation. 


Illinois. 


Indian com bushels. . 

Wheat ...... ......do.... 

Bye — . ......do 

Tobacco .pounds. . 


268,998,000 
10, 683, 000 
S| 302,' 000 
107, 968, 000 
1,001,000 
194,000 
13,371,000 
4,963,000 
4,39S;i25 


31.4 
8 5 
12! 7 
32.8 
24.2 
12.5 
87.0 
840. 0 
1.30 


8,559,036 
1 255 905 
' 181 ; 277 
3,390,081 
41,361 
15,491 
142, 198 
5,908 
3, 306, 250 


|0 28 
81 
53 
24 
57 
64 
43 
9 

' 7 35 


$75,319,440 

1,220,176 
25,913,320 
570, 534 
133,928 
5,195,915 
446, 645 
31,591,219 








16, 797, 507 




149,033,407 


Indian corn bushels, . 

■ Wheat ......... do : . . . 

Rye . . . . do 

Oats do 

Barley . . ......... .do. . 

Buckwheat . . . .... do. .... 

Tobacco pounds .' . 

Hay........ ..tons.. 








32,750,000 
15 C65 000 

2, W'OOO 
47, 778; 000 

9, 302, 000 . 
375,000 

8,955,000 
31,196,000 

1,850,2.28 


30.1 
11 5 
12!3 
33.8 
22.4 
10. 0 
83.0 
1,150.0 
1.10 


1,088, 019 
1,302 785 
176; 162 
1,412,474 
415,285 
37,473 
107,895 
27, 127 
1,682,025 


34 
76 
52 
26 
47 
09 
■ 47 
9.5 
7 00 


11,135,000 

1,126,732 
12,423,280 

4,373,120 
258,564 
. 4,208,984 

3,963,625 
12,951,596 








6,309,345 




61,344,301 


Indian corn bushels . . 

Wheat. ....do... 

Rye ....... — do. . . . 

Barley .do 

Buckwheat . . .do. . . . 

Potatoes .do. .. . 

Total ......... , 

Indian corn bu.shels . : 

Wheat do. ... 

Barley . , . . ....... .do. ... 

Buckwheat ...... .do. .. . 

PotatoiBS .do. ... 








fc 4qt Ann 
34,2S5,000 
500,000 
37,544,000 
8,033,000 
73,000 
. 5,-2(53,000 
2,457,000 


28 4 
11! 1 
15.3 
34. 9 
23.8 
11.3 
85.0 
1.20 


648 913 
3, 084', 274 
32,710 
1,070,393 
33?, 525 
6,539 
61, 923 
2,047,500 


32 
70 
48 
25 
41 
70 
40 
4 65 


«J, Oat , uAiU 

23,999, 500 
240,332 
9,386,000 
3,293,5^9 
51,266 
2, 105, 383 
11,425,050- 


Iowa 

Missouri ..«.,,.... . 






7,295,777 




66,398, 909 




(•MO ^tCJA flflft 
fV4.0, rkoU^ vyJyJ 

30,332,000 
1,746,000 

74,718,000 
5,106,000 
244,000 

13,381,000 
4,355,635 


32 1 
11! 3 
13.7 
33.8 
23.0 
11.8 
90.0 
1. 15 


7 549 542 
2^ 683^944 

127,459 
2,210,338 

231.999 
20,679 

137,563 
3,787,500 


24 
67 
46 
22 
39 
68 
41 
4 85 


KQ -iCiQ run 

*JO, xOUm VrrVJ 

20,322,440 
803,246 
16,437,960 
1,991,331 
165,928 
5,076,075 
21,134,781 






16,739,024 




124,120,801 


Indian com . . . .bushels. . 
Wheat,,..,......, do.... 

Oats . do . . . 

Barley — do 

Buckwheat. ....... do . ... 

Hay ..tons.. 

Total... 

Indian corn .... bushels . , 

Wheat do.... 

Rye....... ....do.... 

Oats .......do 

Barley .do. .. . 

Potatoes ....do. . .. 

Hay . ... . tons.. 








196,861,000 
11,275,000 
'505', 000 
28, 312, 000 
156,000 
61,000 
6,653,000 
14,514,000 
1,575,000 


31.3 
7 4 
1014 
22. 3 
22. 3 
10.3 
85.0 
880. 0 
1.30 


6,295,728 
1 517 598 
48; 552 
1,267,849 
7,006 
5,894 
78,275 
16,493 
1,312, 500 


25 
77 
56 
26 
52 
68 
39 
7 

7 25 


49,215,250 
8,681 750 
282; 767 
7,361,130 
81,243 
41,281 
3,594,816 
1,015,969 
11,418,750 






10,549,895 




80,693,945 




158, 390, (KK) 
11,197,000 
2,383,0i:)0 
27,145,000 
877,000 
24,000 
7,011,000 
3,800,000 


32.4 
10.6 
11. & 
31.8 
20. 8 
13.7 
80.0 
1. 25 


4,884,550 
1, 060. 250 
205,461 
853,920 
43,145 
1, 889 
87, 638 
3,040,000 


,34 
65 
40 
23 
34 
63 
53 
4 25 


38, 013, 600 
7, 278, 050 
953,339 
6,243,350 
298,049 
14,876 
3,645,741 
16,150,000 








10,175,853 




72,597,005 
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TaMe showing the product of the cer mis, potatoes ^ ha^ and cotton^ c£'c.— Continued* 



States. 


Products. 


Quantity 
produced in 
1885. 


Average 

yield 
per acre. 


Number of 
. acres in 
each crop. 


Value per 
unit of 
quantity. 


Total 
valuation. 




Indian com • • • .bushels . . 

UjQ .........do.... 

Barley ............do — 

Buckwheat ....... .do .. . . 

Potatoes ........ . .do.\ , . 


iOd viO'^ AiV\ 

l^jy, 4^0, wo 

923, OX) 
24,028,000 
3,862,000 
^,000 
3,951,000 
2,593,175 


OU. j 

11.3 
13.3 
a4.3 
21.8 
12.5 
81.0 
1.30 


3,526,475 
1,755, 252 
09,407 
700,048 
177, 150 
2, 237 

: 43,777 

1,094,750 


$0 19 
57 
33 
19 

m 

66 
36 
3 51 


$24,590,940 
11,301,960 
304,627 
4,565,320 
1,274,417 
18,467 
1,422,337 
9, 102,044 








8,274,096 




52,580,112 


Indian corn ... .bushels . . 

Rye... ............do.... 

Oats ..... ..do.... 

Barley . do — 

Buckwheat ..do — 

Potatoes ... do — 








3,840,000 
26,592,000 
310,000 
2,106.000 

i2,7oa;ooo 

25,000 
4, 887, 000 
1,137,160 


24.7 
9.4 
10.3 
27,0 
18.1 
20.1 
85.0 
1. 20 


155,200 
2,822,400 
30,i05 
78, 008 
701,809 
1,243 
57,-491 
939, 300 


68 
67 
1 '6 
4b 
. 79 
08 
63 
11 50 


2,611,200 
17, W 6, 040 
2:i5, 662 
1,010,880 
10, 0;i5, 167 
16,905 
3,078,643^ 
12,962,340 








" 4,785,556 




47,767,437 


Indian corn bushels. . 

Wheat do.... 

Rye .......... ... ..do. ... 

Barley ..do.... 

Buckwheat. . ..... .do. . .. 

Potatoes ......... ,do. . . . 

Hay ....... . . . . . . .tons . . 








us,m 

13,916,000 
.2C»,(X)0 
5,798,000 
704,000 
6,000 
-1,322,000 
446, 250 


22.8 
15.9 
14.9 
30. 0 
2^). 2 
- 10.7 
105.0 
1.25 


. 0, 479 
876, lOi 

i.3;i^ 

193, 3i)7 
34,845 
561 
]2,5S7 

357,000 


70 
69 
75 
^37 
49 
02 
36 
8 t55 


103,600 
9, 602, 040 
16,053 
2,145,260 
344,696 
3, 70:^ 
475,789 
3,860,063 


Nevada.. 






1,482,3!)9 




16,550,404 


Indian corn . . , .bushels, . 
AVlieat ...... ... . . .do. . . . 

Oats ..........do.... 

Barley do. . . . 

Potatoes ..... ... . .do . . , . 

Hay ...... .... .tons.-. 


' 21,000 
103,000 
271,000 

465,000 
355,000 
135,000 


24.8 
18.5 
34.5 
20. 0 
75.0 
.90 


847 
5, 570 
7,858 
23,272 
4,733 
150,000 


75 
92 
. 47 
81 
G5 

- 7 25 


- 15,750 
04,760 
127,370 
377,006 
230,734 
978,750 






192,280 




1,824,370 


Indian corn ... .bushels. . 
Wheat ...... ..do.... 

Potatoes . . . ... . . . .do. ... 

Hay . ...i tons.i 


. 959,000 
2,395,000 

1,698,000 
- 156,000 
'747,000 
87,600 


34.5 
19.8 
17.8 
37.3 
24. 0 
95.0 
1.0 


27,830 
120, 9^13 
1,066 

45,478 
6.494 
7,800 

87,600 


08 
82 
68 
40 
GO 
61 
0 90 


652,120 
1,96^-1, IKK) 

23,710 
781,080 

93,514 
455,487 
867,240 








298,171 




4,837,051 


Indian corn , . , .bushels. , 

Wheat ... .... .do 

Barley ......... . . .do. . . , 

Potatoes ...... , . . . do ... . 

Hay .tons.. 








66,000 
303,000 
447,000 
. 84,000 
22,950 


22.1 
14.0 
20.0 
70.0 

.m 


2,993 
21,578 
22,362 

1,2M 
25,500 


95 
80 
C9 
13 tK) 


49,500 
287,850 
357,792 

58,153 
298,350 


Dakota ........... 






73,637 




1,051,645 


Indian corn . , . .bushels. . 
Wheat ............do..-. 

Rye . . . .do 

Oats ....do.... 

Barley ..... . . .do 

Buckvv'^hoat do ... . 

Hay...... .........tons.. 

Total..,. 








■ft iiAK f\rv\ 
15, O^D, VW 

27,913,000 

13,229,0CK) 
2,405,000 
4,000 
2,700,000 
1,375,000 


28.9 
12.8 
12.0 
37.5 
£5.0 

8.1 
75.0 

1.25 


530,lCkO 
2, 187, 084 
9,433 
352,800 

96, 075 
495 
30,000 
1,100, ODD 


28 
63 
56 
23 
37 
69 
42 
3 94 


4,296,600 
17,585,190 
63, 890 
8, 042, 670 
888, 604 
2,772 
1,134^000 
5,417,500 






4,311,987 




32,430,816 
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Table showing the product of the cereals j potatoes j hay, and cotton, tfcc— Continued. 



States. 


Products. 


Quantity 
produced in 
1885.- \ 


Average 

yield 
per acre. 


Number of 

acres in 
each crop. 


Value per 
unit of 
quantity. 


Total 
valuation. 


Iddho. ........ 


Indian com bushels. . 

Wheat ............ do.... 

Hay .tons . . 


41,000 
1,154,000 
13,000 
1,033,(X)0 
358,000 
252,000 
144,383 


21.5 
18.5 
11.9 
30.3 
26.0 
80.0 
1. 15 


1,911 
02,370 

1,095 
3^1,088 
13,682 

3,150 
125,550 


$0 82 
75 
58 
40 
75 
52 

10 50 


133,620 
865,500 
7,556 
412,800 
264,849 
131,040 
1,516,022 






241,746 




3,231,387 


Indian com bushels. . 

Wheat ............do.... 

Oats do.,.. 

Barley ...do.... 








23,000 
1,715,000 
1,775,000 
71,000 
262,000 
156,750 


' ~- 

25. 0 
20.4 
33.1 
30.2 
82.0 
1.10 


880 
83,864 
53,560 

2,353 
3,198 
142,500 




80 
77 
42 
77 
50 
10 37 


17,000 
1,320,550 
745,500 
54, 354 
131,138 
1,625,498 


New Mexico . . ... 

■ . ■ « . ■ 

Utah........ ...... 

Washington....... 








286, 355 




3,894,620 


Wheat. .......do... . 

Oats. do 

Barley ...do 

Potatoes do. . . . 

Total...... 








979,000 
1,023:000 

282,000 
63,000 
35,000 
18,900 


20.6 
14.0 
20.4 
19.4 
70. 0 
.DO 


47, 672 
73,242 
13, 841 
3,240 
501 
21,000 


78 
1 02 
40 
84 
32 
14 50 


763.620 
1,043,460 

332,600 
53,152 
11,223 

274,050 






- 159,496 




-2,258,:304 


Indian com . . . .bushels . . 

Wheat . do 

Rye do 






409, 000 
1,92G, 000 
22, 000 
. 845,000 
288,000 
803,000 
159,120 


29. 8 
19. 9 

9.5 
0O.5 
22.0 
90.0 

1.30 


13,742 
90, 801 

2,330 
27,687 
13,098 

9,591 
- 122,400 


- 

60 
61 

51" 
30 

36 
5 97 


245, 400 
1,174,860 
13,192 
30^1,200 
149,841 
310,748 
949,946 


Barley do... 

Potatoes .do. ... 






285,689 




3,146,187 


Indian com .... bushels . . 

Potatoes ......... .do. .. . 

Total. 








89,000 
7,412,000 
22.000 
3,005,000 
73^4,000 
'l,13t3,000 
190, 044 


26.4 
17.5 
15.1 
38.5 
27. 0 
109.0 
. , 1.20 


3,371 
424, 27(5 
1,455 
80,357 
27,191 
10,422 
159, 120 


71 
72 
64 

43 
35 
7 14 


63,390 
5,336,(i40 
14,025 
1,021,350 
352,395 
397,599 
1, 363, 340 






706, 192 




8, 548,539 












60,000 
84.000 

93,500 


20. 8 
32.0 
93.0 
1.10 


3,180 
2, 625 
1,208 
85,000 


80 
44 
60 
10 25 


52,800 
36,960 
67,406 
958,375 




Oats ......do. ... 

Potatoes. do. . . . 






92,013 




1,115,541 











394 EEPOBT OF THE COMMISSIO^^^ OF AaEIOraLTOEffi. 
Summary for each State, showing theproduGt, area, aiid value of each crop for I880. 



States and Territories. 



Maine .... — ... 

New Hampshire . 
Vermont ........ 

3Iassachusetts . , . 
Rhode Island.... 

Connecticut . . . . . 

New York 

New Jersey...... 

Pennsylvania..,. 
Delaware ...... .. 

Maryland........ 

Virginia — . — 
NortK Carolina . . 
South Carolina . . 
Georgia..... ..... 

Floritia 

Alabama 

Mississippi. 

Louisiana . . . ... . 

Texas ........... 

Arkansas. 

Tennessee ...... . 

West Virginia . . . 
Kentucky — ... 
.OliiOv..... ....... 

Mictiigan 

Indiana. . .. ...... 

Illinois........... 

Wisconsin 
Minnesota ....... 

Iowa. . , . ... . . .... 

Missouri 

Kansas . .. . . .. ... 

Nebraska.. ...... 

California ....... 

Oregon 

Nevada. ......... 

Colorado . ....... 

Arizona.. 
Dakota . ........ 

; Idaho... ......... 

Montana. . ...... 

New Mexico .... 

Xitak 

Washington ... . 
Wyoming ...... 



Total 



Bushels. 



1,936,17^J,000 



1,009,000 
1,890,000 
1,979,000 
1,961,000 
429,000 
2,033,000 
22,418,000 
11,213,000 
40,074,000 
4,174,000 
15,999,000 
31,838,000 
25, 191), 000 
13,453,000 
32, 163, 000 
3,799, 000 
31,40.5,000 
25,765,000 
15,410,000 
84,400,000 
38, 309, 000 
75,581,000 
15, 82?, 000 
90,569,000 
111,805; 000 
30,706,000 
131,994,0(W 
268,998,000 
32,750,000 
18,431,000 
2^13,496,000 
196,861,000 
158,390,000 
129,426,000 
3,840,000 
148,000 

959,000 
66,00rf3 
15,345,000 
: 41,000 
22,000 
979,000 
409,000 
89,000 



Com. 



Acres. 



31,922 
3S,3SG 
01.488^ 
57; 608 
13;818 
58,140 
731,196 
350,370 
1,417,030 
- 216,595 
726, 336 
2, 132, 230 
2,545.126 
1,487; 311 
2, 8.57, 700 
420, 070 
2,340,114 
1,927,393 
917,377 
4, 090,443 
1.898,327 
3,569,590 
065,409 
3,551,067 
3,017,404 
938,682 
3,720,681- 
8,559,036 
- 1, 088, 019 
648,913 
7, 549, 542 
6, 295, 728 
4,884,5.50 
3,526,475 
155,200. 
6,479 
847 
S7, 8.30 
2, 993 
530,100 
1,911- 
' 880 
47,672 
13,742 
3,371 



73,130,150 



Value. 



/ S706,300 
'932; 290 

I, 266,560 
1,372,700 

308, 880 
1,260,790 
"13,019,;>40 
5, 942, 360 
22,576;2G0 
1,669,600 
7,359,540 
14. 968; 860 
13; 859; 450 
7, 533. 680 
18,653,960 
S, 659, 300 
17; 272, 750 
13, 913, 100 
-8,167,300 
41.358,940 
17. U22. 140 

2Q, 4; 0,590 

6, 330; 800 
31,699,150 
35, 796. 800 
10,440; 040 
38,278,260 
75,319,440 

II, 135,001) 
5,897,920 

58, 199, 040 
49,215,250 
38, 013, 600 
24,590,940 
2,611,200 
103, 600 
-J 5; 750 
652, 120 
49, 500 
4,296,000 
33,620 
- 17,600 
763, 620 
245,400 
63,190 



Bushels. 



506,000 
174,000 
390,000 
17,000 



31,000 
10,565,0(X) 
1,395,000 
13, 325, 000 
957, 000 
5,534,000 
2,833,000 
2,790,000 
1,170,000 
2,817,000 

"i; 307,' 666' 
490,000 



_ 635, 074, 630 



6,117,000 
1,565,000 
3, 821 ; 000 
1,493,000 
3,759,000 
20,593,000 
31,261,000 
26, 659, 000 
10,683,000 
15, 665, 000 
34, 285, 000 
30, 333, 000 
11,275,000 
11,197,000 
19, 828, 000" 
26,592,000 
13,916,000 
■ 103, 000 
2,395,000 
.303, 000 
27,913,000 
1,154,000 
1,715,000 
1,023,000 
1,920, 000 
7,412,000 
06,000 



357,113,000 



Wheat. 



Acres. 



41,126 
11,267 
22:007 

i;oi 



2,193 
687^307 
143,097 
1, 380, 294 
89,103 
-580,482 
651,140 
682,888 
220, 030 
.453,375 

'"239; 467' 

-38,448 



-545,468 
240, 997 
1,175,882 
268,961 
1,055,760 
2,018,952 
1,623,929 
2, 518, 455 
1,2.55,905 
1,302;7'85 
3, 084, 274 
2, 083, 944 
1,517,598 
1,000,250 
1,-755,252 
-■2,82-2,400 
876,102 
5,570 
120, 943 
21,578 
2, 187, 084 
62,370 
83,864 
73,242 
- 96,861 
424,276 
3,180 



34,189,246 



Bye. 



States and: Territories. 



Bushels. 



Acres. 



Value. 



Oats. 



Bushels. 



Acres, 



Maine - . .. . . . 

New Hampshire ........ 

Vermont . . . . ........... 

Massachusetts .......... 

Rhode Island . . ... ...... 

Connecticut . . . .-. 

New York . . . ... , . . .. . . 

..^ew Jersey. 

Pennsylvania . . ... , . 

Delaware , . ........ 

Maryland 

Virginia , . . 

North Carolina .. ....... 

South Carolina . 

Georgia 

Florida 

Alabama 

Mississippi , ............... 

Louisiana ..... . . . ...... 

Texas .. .............. 

Arkansas . . ....... 

Tennessee . . . . . .... . . . . . 



29, 000 
41,000 
85,000 
275,000 
15,000 
383,000 
2,658,000 
1,140,000 
3,298,000 
6, 000 
240,000 
323, 000 
273, 000 
32,000 
121,000 



2,385 
3,280 
6,418 
24, 294 
1,372 
29,393 
241,661 
105, ,588 
403,479 
857 
30,759 
48, 216 
64,895 
: 8, 036 
26, 814 



. $24, 3,27 
' 34; 030 
62,691 
- 222,363 
12,375 
286,582 
1,781,042 
741,228 
2,-176,593 
' 4,500: 
155, 943 
216,441 
-231,675 
32,144 
136,349 



28,000 



5,933 



30,700 



41,000 
27,000 
180,000 



5.821 
4; 114 
34,692 



27, 30iO 
21,393 
137,102 



2,622,000 
1,092,000 
3,806,000 
753, 000 
167,000 
1,090,000 

38,676,000 
3,556,000 

34,326,000 
501, 000 
2, 47'5, 000 
8,664,000 
4,4^3,000 
3,510,000 
0, 395, 000 

- 519,000 
4,915,000 
-3, 962,000 
420,000 

14,211,000 

10,752,000 



84, 570 

31,506 
104,565 

24,267 
6,353 

38,262 
1,385.245 
133; 451 
1,304,023 

21,197 
111,100 
621,230 
.590,117 
413,963 
709, 640 

53, 611 
-401,772- 
355,001 

36,875 
512, 006 
251,284 
620,096 



REPORT OF THE ST^ 395 
Summary for ^mh State, shotving the p7'oduct, area^ and value, cfec— Continued. 



States and Territories. 



Bushels. Acres. 



Value. 



Oats. 



Bushels. Acres. 



Taliie. 



West Virginia . 
Kentucky 
Ohio. 



Michigan . . . . . 

Indiana 

niinois . . ...... 

Wisconsin . . . . 

Minnesota .... 

Iowa 

Missouri ...... 

Kansas ....... 

Nebraska . . . . . 

California .... 

Greson 

Nevada 

Colorado 

Dakota . . . 

Idaho. ........ 

Moiitana 

New Mexico . . 
Utah ......... 

Washington .. 
Wyoming ... - 



89,000 
495,000 
389,000 
250, 000 
378, 000 
303, 000 
167, 000 
500, 000 
746,000 
505,000 
383,000 
923, 000 
310,000 

80,000 



35,000 
113,000 
13,000 



S2, 000 
22,000 



Total . 



21,756,000 



17,744 
03,347 
35,304 
22,118 
25, 256 
181,277 
170, 163 
32,710 
127, 4o9 
48,552 
205,401 
^ 00,407 
30,105 
1,338 



■S-62, 104 
351,265 
233,600 
147, 460 
163, 911 
1,220,170 
1,126,732 
240,222 
S03, 246 
282, 767 
053,339 
304,627 
235, 662 
15,053 



1,966 
9,433 
1,095 



23,710 
63,390 
7,556 



2, 310 
1,455 



11, 192 
14, 025 



2,831,000 
10,225,000 
3?; 470, 000 
21,789,00-0 
27, 178, 000 
107-, 068, 000 
47,778,000 
37, oM, 000 
74, 718, 000 
28,312,000 
27, 145, 000 
24.028,000 
2, 106, 000 
5,703,000 
271,000 
1,698,000 
13,229.000 
1,032,000 
1,775,000 
282, 000 
845, 000 
3,095,000 
84,000 



138, 039 
491,545 
1,003,680 
615, 800 
1,014, 630 
3,290,081 
1,412,474 
1,076,393 
2, 210, 338 
1,267,849 
853, 920 
700, 04S 
78,008 
193,397 
7,858 
45, 478 
352, 800 
34,088 
53,560 
13,841 
27, 687 
80, 357 
2, 625 



$900, 850 
3,374,250 
10, 116, 900 
6,100,920 
6,794,500 
25,912, 320 
12,422,280 
\y, 386, 000 
10,437, 960 
7,361,120 
6,243,350 
4,565,3.80 
1,010,880 
3, 145,260 
127,370 
781,080 
3,042,670 
412,800 
745,500 
112, 800 
304,200 
1,021,350 
36, 960 



S, 129, 301 



13,594,820 



629,409,000 



32,783,630 



179, 631, 800 



States and Territorii^s. 



Barley, 



Bushels. 



Acres. Value. 



Buckwheat. 



Bushels. Acres, 



Value, 



Maine 

New Hampshire. . 
Vermont ..... . ... 

■ Massachusetts . . , . 
Ehode Island ..... 

Connecticut 
New York . . ...... 

New Jersey. ..,..! 
Pemisylyania , . . , . 

Delaware . 

Maryland. , 
Virginia 

North Carolina.. , 
South Carohna . . , 
Georgia .......... 

Texas ............ 

Tennessee 

West Virginia . . . , 

Kentucky ....... 

Ohio............. 

Michigan ...... ^, 

Indiana.. ........ 

Illinois...... 

Wisconsin ....... 

Minnesota ... .. . . 

Iowa ........... . 

Missouri 

Kansas .... i... . , 

Nebraska......... 

California ....... 

Oregon .......... 

Nevada. .......... 

Colorado 

Arizona ......... 

Dakota...,...,.. 
Idaho. . . ............ 

Montana ......... 

New Itfexico . . . . . 

Utah ............ 

Washbigton . . . . . 



-12, 



27'6,000 
84,000 
295,000 
82,000 
19,000 
14,000 
;',47S,000 
5, 000 
485,000 

""Q,m 

20,000 
3,000 
16,000 
24,000 
130,000 
42, 000 
9,000 
342,000 
832,000 
1,209.000 
266.000 
1,001.000 
9, 302; 000 
B, 033; 000 
5,106,000 
156,000 
: 877,000 
3.862,000 
703,000 
704,000 
465,000 
156, 000 
447,000 
1,402,000 
353, 000 
71,(300 
63,000 
288,000 
734, 000 



Total . 



58,360,000 



12, 302 

3, 745 
11,711 

3,248 
791 
032 
339,922 
257 
26, 194 

1,175 
- 276 
1,236 
1,699 
7,993 
3, 112 
578 
19, .564 
40,583 
51,874 
15,398 
41,361 
415,285 
337,525 
221,999 
7,006 
42, 145 
177,150 
701, 809 
34, 845 
33,272 
6,494 
. 22,362 
96,075 
13,582 
2, 353 
- 3,240 
13,098 
27, 191 



1190,140 
58,141 
206, 582 
59,105 
13,756 
10, 381 
5/309, 582 
- 3,752 
339,212 

4^083' 

13,984 
3,312 
17,675 
26, 143 
70, 354 
26,047 
4, 959 
229, 388 
557, 408 
725, 198 
146,512 
570,584 
4,372,120 
3,293,569 
1,991,331 
81,242 
398, 049 
1,2^'4,417 
10,035,167 
344, 896 
377, 006 
93,514 
357, 792 
888,604 
264,8^49 
54, 354 
53,152 
149, 841 
352,395 



371,000 
95,000 
306,000 
59, 000 
1,000 
140. 0^0 
4, 609, 000 
478, OQO 
3, 897, 000 
5, 000 
144.000 
187, 000 
52; GOO 



21, 185 
4,737 
17,862 
5,334 
'126 
11,087 
311,434 
35, 376 
274,445 
437 
11,106 
30, 734 
6,156 



2,729,359 32,867,696 



60,000 
413, COO 
11,000 
182,000 
433, 000 
89,000 
194, 000 
375, 000 
73,CHX) 
244;-000 
61,000 
24, 000 
28,000 
25,OCS0 
6,000 



4,000 



12,626,000 



5,833 
39, 331 
1,152 
12,995 
33, 826 
8, 737 
15,491 
37,473 
6, 539 
20,679 
5,894 
1,889 
2, 237 
1,243 
561 



195 



.^200,199 " 
51,160 
194,071 
32,271 
783 
83,818 
2,442,88.8 
286,546 
2,104,444 
2, 732 
86,627 
113,830 
- 34,018 



39,653 
251,915 
7,419 
. 118,255 
251,124 
57,926 
123. 928 
258; .564 
51 ,206.- 
165,923 
41,281 
14, H76 
1^5;467 
16,905 
3,703 



2,772 



914, 394 



7,057,363 



396 REPOBT GP THE c0:mmissione±i of agriculture. 



Summary for each state, showing the prodtiiGty area, and valuer cfcc—Contiimed. 



States and Territories. 


Potatoes. 


Hay. - 


Bushels. 


Acres. 


Value. 


Tons. 


Acres. 


Value. 


Pennsylvania .......... — . 

AlalDama — 

Louisiana. . . ; . 

Arkansas ............... .... 

Kentucky . 

Ohio.. . . ...... .......... 

Indiana ....... .... ....... . . . 

Illinois.. — ................ 

Iowa. . . .... _. ... ............. 

Kansas - 

Nebraska. ......... . ... . . . . . . 

California. . . ................ 

Nevada. 

Montana 

New Mexico . 

■Washington 

Wyoming.. : . ...... 

Total..:....:......,.: 


«, 204, 000 
2,785,0CK) 
3,656,000 
3,426,000 
668,000 
- 2,81i,(«0 
10,980,000 
3,069,000 
13,700,000 
315,000 
1, 528, 000 
2,102,006 
1,2,56,000 
235. GOO 
• .578; (KX) 
155, 000 
617,000 
576,000 
466,000 
651,000 
982, 000 
2.531,000 
i; 933, 000 
3, 387, 000 
12,153,000 
12, 880, 000 
6,779,000 
12,371,000 
8,95o,0(X) 
5,263,000 
12,381,0i)0 
6, 653. 000 

- 7,011.000 
3,951,000 

■ 4, 887, 000 
1,322,000 

. 747,000 
84,000 
. 2,700,0(X) 
252,000 

- 262,000 
. 35,000 

1,136,000 
112,000 


62,035 
27,304 
37,304 
34,255 
6,336 
31,229 
357,075 
40,916 
190,280 
4,141 
20,378 
35,037 
20,597 
3,914 
9,175 
1,938 
9,353 
8,471 
6,661 
9,570 
12,268 
38,937 
27.609 
50;556 
166,035 
148,048 
94, 151 
142.498 
107; S05 
61,923 
137, 503 
78, 275 
87, 63S 
4^5. 777 
57; 491 
12, 587 
4 733 
7; 860' 
l,2/>4_ 
3!"., 000 
3,150 
3,198 
501 
9,591 
10,422 
^ 1,308 


12,605,470 

- 1,225,404- 
1,279.527 
1,952,535 

374, 321 

- 1,545,836" 
8,998, 290 
1,657,093 
6,439,075 

157,3.:^8 
743,892 
1,072,132 
716, 158 
175,995 
543,344 
155,040 
598,770 
489,624 
391,667 
.586,235 
61.5,363 
1,164,216 
8:^1,031 
1,432,646 
4,856.524 
4,379, 260 
2,440,394 
5,195,915 
4,208.984 
2,105:382 
5,076,07'5 
2:594.816 
3, 61;;, 741 
1,42^,3^7 
3,078,643 
475,789 
930 7'S4 ■ 
■ -455! 487 
. 58, 153 
1.131,000 
'131,040 
131,418 
11,22^ 
310,748 
397, 599 
67,406" 


976,646 
527, 169 
902,700 
661,077 
69,657 
551,431 
5,210,268 
- -493,279 
2,738,572 
4^1,665 
272,037 
251,541 
96,680 
4,336 
16,642 
370 
13,298 
11,069 
38,984 
83,699 
29,701 
229, 088 
289,841 
313,200 
2,748,900 
1,507,232 
1,762,560 
4, 298, 125 
1,850,228 
2,457,000 
4,3.55,025 
1,575,000 
3,800,000 
2, 593, 175 
1,127,160 
446,250 

J OiJ., \Aj\f 

87,600 
- 22,950 
1,375,000 
144,383 
156), 750 

18,900 
159, 120 
190,944 

93, 500 


1,148,995 
658,961 
1,003,000 
629,597 
87,071 
580, 454 
4,962,158 
519, 241 
2,738,572 
49,1128 
280,355 
295,930 
101,768 
4,336 
16,642 
528 
14, 147 
11,069 
38, 984 
88,315 
29, 701 
208,262 
353,465 
313, 200 
2,499.000. 
1,256: 027 
1,468:800 
3,306.250 
1,682,025 
2,047,500 
3,787,500 
1,312,500 
3.040,000 
1,994,7.50 
939, 300 
357,000 

1 tJ\), uuu 

87, 600 

25, 500 
1, 100,000 
125,550 
142, 5(X) 

21,000 
1.2.2, 409 
159,120 

85,000 


111,070,920 
6,721,405 
9,929,7i00 
12,220,925 
1, 274:72:5 
9,925,758 
66,430,892 
8.139,104 
36,970,722 
647,643 
3,740,509 
3,340,464 
1,429,222 
59,620 
230,3.25 
6,660 
169,284 
130,061 
; 438,824 
904,431 
3^6,711 
2,673.457 
3,307,086 
3,210,300 
31.447,416 
16,142,455 
13:7'30,342 
31,591,219 
12,951,596 
11,425,050 
21,124,781 
11,418,750 
16,1.50,000 
9, 102. Ol'l 
12, 962; 340 
3,860,083 
978 750 
867', 240 
298, 350 
5,417,500 
1,516,022 
1,625,498 
27'4, 0.50 
949, 946 
1,363,340 
958,375 


175,029,000 


2,265,823 


78,153,403 


44,731,/550 


39,849,701 


389,752,873 


States and Territories. 


Tobacco. 


Cotton. 


Pounds. 


Acres. 


Value.. 


Bales. 


Acres. 


Value. 


Massachusetts. '. . ... ... .... . . 

Connecticut . , 


3,798,000 

12,066,000 
10,234,000 
23, 392, 000 
28, 552, OOO: 
107,71l,0{» 
37,417,C.C0 


2,594 
7,661 
6,7'33 
23,392 
43. 06.5 
164,445 
77,952 


$455,714 
1,496,193 
1.023,416 
2.456,160 
3; 064, 303 
7,970,649 
3,966,198 














Pennaj'-lvania . ...... 

Maiyland 


14,' 821" 

407,230 

554,652 
960,025 
^ 73,837 
760,4-17 

1,019,470- 
487,722 

1,332,0.27 
610,666 
321.638 


4i,'9i3" 
1,071,058 
1,733,289 
3,047,698 

273,473 
2,795,760 
2,-535, 901 
1,005,613 
3,505,335 
' 1,348,048 

664, 618 


"""$579," 501 
15,922,693 
21,969.766 
39,413.826 
4,357,860 
31,3-19,428 
41,854,311 
20, 106, 339 
54.613, 107 
25,226,622 

. 13,259,527 


Georgia 
















Blississipjpi. . . i . . , .... ....... 
















Tennessee , ..... ... ..... . . . . 


1,606,000 
26,939,00^1 

2,782.000 
209, 423, 000 
33,7(37,000 

9, 593, OOO 

4,963,000 
81,196,000 
14,514,000 

4,783,000 


2, 294 
46,850 
4,190 
265,093 
36,703 
13,324 
_ 5,908 
27,127 
16,493 

8,696 


112,406 
1,885,713 
211,444 
13,612,526 
2,127,306 




























446, 645 
















All other States a,nd Terri- 
tories, inclading Missouri, 
for cotton. 

Total................. 


573,936 


32,765 


74,466 


1,333, 812 


_ 502,730,000 


752,520 


43,265,598 [ 0,575,300 


18,300,865 


209,989,812 
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ToMeshoivmg tUeaverageyieldper acre, and priGe per htishel, pound, or ton, of farm 
/ " products for the year ISSo. 



Corn. 


Wheat. 


tRye. 


Oats. 


Barley. 


- 1 
Bush- 


i^rice 


Bush- 


1 rice 


Bush- 


Jr^rice 


Bush- 


xTice 


Bush- 




els. 


per 
bushel. 


els. 


per 
bushel. 


els. 


per 
bushel. 


els. 


per 
bushel. 


els. 


per 
bushel. 


32.8 


|0 70 


13.8 


SI 25 


12.2 


SO 84 


31.0 


SO 40 


22.4 


$0 69 


33.8 


71 


15.4 


1 ^Zi 


12. 5 


&3 


3^1.7 


42 


22.4 


69 




61 


17.7 


1 11 


13.2 


74 


36.4 


37 


25. 2 


70 


310 


70 


15.7 


1 25 


11.3 


81 


31.0 


43 


25.2 


72 


33. 5 


72 






10.0 


83 


26.3 


44 


24.0 


- 72 " - 


35. 0 


63 


14.1 


1 05 


13.0 


75 


28.5 


4il 


22,2 


- 74 - 


30.7 




15. 4 


9G 


11.0 


67 


Ji7. 9 


36 


22.0 


71 


3.3.0 


53 


9.7 


95 


10.8 


65 


26.6 


37 


19.5 


75 


32.5 


49 


9.7 


90 


8.2 


66 


26.3 


36 


18.5 


'^0 


19. 3 


40" 


10.7 


9/5 


7.0 


75 


6 


38 




. . . ..... 


23.0 


45 


9.5 


91 


7.8 


65 


22 3 


35 


"'21.7 


C8 


14. 9 


47 


4.4 


93 


6. 7 


67 


.13. 9 


41 


17.0 


65 


9.9 


. 55 


4. 1 


1. 00 


4.2 


85 


7. 5 


50 


10.9 


1 10 


9. 0 


56 


5. 3 


1 10 


4. 0 


1 00 


8. 5 


54 


12. 9 


1 10 


11.3 


.58 


6.2 


1 09 


4.5 


1 13 


9. 0 


5S 


14. 1 


1 09 


9.0 


70 










9. 7 


67 






13.4 


55 


5. 5 


1 03 


4.7 


1 10 


12.2 


54 






13. 4 


54 


4.9 


1 04 


11.2 


55 






IB. 8 


53 






11.4 


47 






2.{). 6 


49 


li.2 


- 80- 


7.0 


67 


27. 8 


37 


16.3 


54 


20.2 


4() 


6. 5 


1 00 


6.6 


79 


21.1 


45 






21. S3 




3 2 


95 


5.2 


76 


17. 3 


34 


13.5 


62 


23.8 


40 


5.2 


101 


5.0 


,70 


20.5 


35 


15.6 


55 


25.5 


35 


3.6 


95 


5.3 


-71 


20.8 


33 


17.5 


67 


37. 1 


32 


10.2 


91 


11.0 


60 


37.3 


27 


20.5 


67 




31 


19. 3 


84 


11.3 


59 


35. 4 


28 


23.3 


60 


35. 5 


, 29 


10. G 


86 


11.0 


59 


26.8 


25 


17.3 


55 


. 31.4 


28 


8.5 


81 


12.7 


53 


32. 8 


24 


24.2 


57 


30. 1 


31 


41.5 


76 


12.3 


52 


33.8 


26 


22.4 


47 


28.4 


32 


11.1 


70 


1.5.3 


48 


34.9 


25 


2:^,8 


41 


32. 1 


: 24 


11.3 


67 


13.7 


4() 


33.8 


23 


23. 0 


' 39 


. 31.3 


25 


7.4 


77 


10. 4 


56 


22.3 


26 . 


22.3 


.52 ■ " 


. 32.4 


24 


10. 6 


65 


11.6 


40 


31.8 


23 


20.8 


34 


m.7 


19 


11.3 


57 


13.3 


S3 


34.3 


19 


21.8 


33 


24. 7 


03 


9.4 


67 


10. 8 


76 


27'. 0 


48 


18. 1 


79 


22.8 


70 


15.9 


69 


14.0 


■ 75 


30.0 


37 


20.2 


49 


. 24. 8 


75 


IS. 5 


9^ 






34. 5 


47 


20.0 


.8.t . 


34. 5 


08 


J0.8 




17.8 


63 


37. 3 


46 


24.0 


GO 


. 22. 1 




14. 0 












20.0 


80 


. - 23.9 


23 


1.2.8 


68 


12.0 


50 


37. 5 


23 


25. 0 


37 


, ■ 21..5 


.82 


18.5 


75 . 


11.9 


58 


30.3 


40 


26.0 


75 


25. a 


80 

^ - 78 


50.4 








33. ] 


42 


30.2 


77 : 


20.5 


14.0 


1 02 






20. 4 


40 


19.4 


84 


29.8 


00 


19.9 


Gl 


9.5 


51 


30, 5 


30 


22,0 


52 


. 26,4 


71 


17.5 


72 


15.1 


64 


38. 5 


33 


27.0 


48 






20.8 


SO 






32. b 


41 


















. - 23. 5 


32.8 


10.4 


77.1 


10.2 


57.9 




28.5 


21.4 


56.3 



States and Terri- 
tories. 



Maine 

New Hampshire. . 
\ fyrmojit . .-. ...... 

Massachusetts . . .; 
Rhode hiland. .... 

C-orjiiycticut ...... 

New York. . ...... 

Nvivv Jersey .... ... 

reau.^ylva.iiia. . . . . 

Delaware. ........ 

Marylaud ........ 

Virginia. .... . . 

North Carolina.. . 
South Carolina. . . 
Georgia . — . . . .. 

Florida ...... . 

Alabfcima. 

Mississippi ..... . . 

Ijouisiana 

Texas ;...,.....> . 

Arlcansas .... . . . . 

TermossTee ... — . 
West Vir:^-mia . . . . 

KoBtucliy . ....... 

Ohio 

Michigan 

Indiana 

Illinois . . . . . . . 

Wisconsin. . ...... 

Minnesota . .. . 

Iowa . . . . .... , , . . . 

Missouri 

Kansas. ..... 

Nebraska .... 

CaiiPornia , 

Oregon. . 

Nevada. 

Colorado . .... .... 

Arizona 

Dakota 

Idaho 

Blontana. .. .. 

New Mexicb — . 
Utah ........... ., 

"Washmgton — 
Wyoming . . . , 



Average. 



States and Terri- 
tories. 



Buckwheat, 



Bush- 
els. 



Potatoes. 



Price 
per 
bushel. 



Bush- 
els. 



Price 

per 
bushel. 



Hay. 



Tons. 



Price 
per 
ton. 



Tobacco. 



Pounds. 



Price 
per 
pound. 



Cotton. 



Bales. 



Price 
per 
poLmd. 



Blaine . — . . . 

New Hampshire. . 

Vermont 

^ Massachusetts . . . 
Rhode Island..... 

Coimecticut . . . . 

New York . . . . . . . . 

New Jersey . . . . . . 

PennsylTa,nia . . . . 

Delaware . ., 

Maryland 

Virginia.. 

North Carolina. . . 
Sou til Carolina... 

(jleorgia . . . . . . 

Florida ........... 

Alabama.... . 

Mississippi ....... 

Louisiana ..... . . \ 

Texas ........... . 

Arkansas 

Tennessee . ...... . 

West Virginia.... 

Kentucky ... . 



17.5 


$0 54 


20. 1 


54 


20. 5 


53 


11.1 


55 


7.9 


: 78 


12.6 


60 


14.8 


53 


13.3 


60 


14.2 


54 


11.4 


55 


13.0 


60 


9.0 


61 


8.4 


05 



10.3 
10.5 
9.5 



66 
61 
67 



100 

102 
98 
100 
105 
90 
56 
75 



60 

61 

60 

63 

-80 . 

00 

68 

70 

68 

76 

65 

70 

67 



$0 42 
4i 



45 
54 
47 
50 
49 
51 
57 
75 
94 
1 00 
97 
85 
84 
90 
66 
46 
43 
42 



.85 
.80 
.90 

1.05 
.8^ 
.95 

1.05 
.95 

1.00 
.90 
.95 
.85 
95 

i.m 

i.oo 

.70 

.04 
1 . 00 
1.00 

.95 
1.00 
1.10 

.82 
1.00 



Cents, 



CenU. 



1,464 
1,520 



12.0 



12. 4 
10.0 



1,000 



10.5 



663 
655 
4S0 



7.3 
7.4 
10.6 



700 
575 
664 
790 



7.0 
7.0 
7,6 
G.5 



.2^2 

.402 

.485 

.38 

.4.j3 

.372 



8.5 
8, .5 
8.5 
8.5 
13. 0 
8.5 
8.5 
8. 5 
8.2 
8. .5 
8.5 
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REPORT OF THE COMMISSIOKER OF AGRIOULTURE. 



Table showing the a::^rage yield per mre^ and price per bushel ^ cfcc— Contiiiued, 



states and Terri- 
tories. 



Ohio 

Michigan . . 
Indiana ... 
Illinois . , 
Wisconsin . 
Minnesota . 
Iowa ...... 

liligsouri . . . 



Nebraska ... , 
California . . . . 

Oregon — . .. 
..Nevada .... ..... 

Colorado . ... 

Arizona 

Dakota .. . 

Idaho , 
Montana . . . ., 
New Mexico, 
Utah 

Washington., 
Wyoming.*. 



Average...... 13.8 55, 



Buckwheat. 



Bush- 
els. 



8.1 



Piice 
per 
bushel, 



14.0 


$0 65 


1^3.8 


58 


10. 3 


65 


13.5 


U 


10. 0 


m 


11.2 


70 


11.8 


G8 


10.3 


: 63 


ia.7 


63 


13.5 


66 


20.1 


68 


10.7 


62 



G9 



Potatoes. 



Bush- 
els. 



75 

87 

87 

S3 . 

85 

90 

85 

80 

81 

85 
105 

'TS 

95 

70 

75 

80 

82 

70 

90 
109 

93 



Price 
per 
bushel. 



SO 39 
34 
86 
43 
47 
40 
41 
39 
53 
36 
63 
36 
65 
61 
69 
42 
52 
50 
32 
36 
35 
GO 



77.2 44.7 



Hay. 



Tons, 



1. 10 
1.30 

1. 

1.30 
1.10 
1.20 
1. 15 
l.SO 
1.2o 
1.30 
1.20 
1.23 

.90 
1.00- 

.90 
1.25 
1.15 
1. 10 

.90 
1.30 
1.20 
1.10 



1.12 



Price 
per 
ton. 



Pounds 



Sll 44 

10 71 
7 79 
7 35 
7 00 
4 65 
4 83 

7 So 

4 25 
3 51 

11 50 

8 63 
7 25 

9 90 

13 00 
3 94 

10 50 
10 37 

14 50 

5 97 
7 14 

10 25 



730 
840 
i, 150 



Tobacco. 



Price 
per 
pound. 



Cents. 
6.3 



9,0 
9.0 



550 



8 71 747.8 



7.0 



12.0 



7.7 



. Cotton. 



Bales. 



.359 



Price 
per 
pound, 



CenU. 



8,5 



Table shoivvng the average cash value per acre of farm products for the year 1885. 



States and Territo- 
ries. 



Com. 



Wheat. I Hye. ■ 



Oats. 



Barley. 


Buck- 
wheat. 


$15 46 


$9 45 


15 52 


10 80 


17 64 


10 87 


. 18 22 


6 05 


17 39 


" 6 21 


16 43 


7 56 


15 62 


7 84 


14 ()0 


8 10 


12 95 


7 67 




6 25 


14 74 

11 05^ 

12 00 

14 30 

15 39 


7 80 
5 49 
5 53 



Pota- 
toes. 



Tobac- 



Hay. 



Cot- 
ton. 



Maine ; . . . . . . ->. . ... 

New Hampshire . . . . . ; 

Vermont 

Massachusetts ....... 

Rhode Island . . . 

Connecticut 

New Yol-k.. 

N6w Jersey — 

Pennsylvania .... . . . 

Delaware ............ 

Maryland ............ 

Virginia : . , , . . . . . . . . . . 

North Carolina. — . . 
South Carolina 

Georgia 

Florida....... 

Alabama......... 

Mississippi ............ 

Louisiana . . . . ... . . . . . 

Texas . — ......... 

Arkansas 

Tennessee . 

West Virf>-inia ■ • ■ • 

Kentucky ........ 

Ohio 

Michif^an . — . . . . 

Indiana ... :. 

Illinois ... ........ 

Wisconsin... . 

Minnesota... 

Iowa ............... . 

Missouri . ; ........ 

Kansas. . . — ......... 

Nebraska . . ...... . . . . 

California . ^ .-. . - . . 

Oregon . .- 

Nevada .......... . . . . 

Colorado 

Arizona . .:. . . 

Dakota 

Idaho . . . . .. .;. . 

Montana ..... 

New Mexico. 

Utah ................. 

Washington. ......... 

Wyoming . . . .... . . . . . 



$17 20 
19 15 
19 67 
19 68 



14 84 
14 70 
9 26 
9 27 
10 20 
8 68 
4 Oo 

4 09 

5 85 

6 77 



$10 20 
iO 38 
9 77 
9 15 
9 02 
9 75 
7 37 
7 02 
5 41 
5 25 
5 07 
4 49 

3 57 

4 00 

5 08 



5 62 
5 14 



5 17 



8 97 
6 49 
3 09 

5 61 
3 38 

9 28 
13 17 

9 10 

6 89 
8 74 

7 78 

7 57 
-5 72 
6 86 
6 44 
6 31 

10 96 
17 01 
16 24 

13 34 

8 04 
13. 88 
15 73 

14 25 
12 13 
12 58 
16^60 



4 69 

5 20 
3 95 
3 50 

3 76 

eoo 

6 67 
6 49 

6 73 

6 40 

7 34 

6 sa 

5 82 

4 64 
4 39 

7 83 
11 25 



12 06 



112 40 
14 58 
13 47 
13 34 

11 57 
11 90 
10 05 
9 86 



- 7 80 

5 73 

3 74 

4 58 
. 4 78 

6 49 
6 01 

6 14 

5 35 
10 27 

9 51 

5 90 

7 18 

6 86 

10 08 
9 91 

6 70 

7 88 

8 79 
8 72 
7 44 
5 81 
7 31 
6.52 

12 98 

11 09 

16 21 

17 17 



6 72 
6 90 



4 85 
9 64 



8 62 

12 11 

13 92 
8 15 

10 99 
IS 71 

14 08 



8 37 

8 58 
11 73 
13 74 
13 98 

9 52 

13 79 

10 53 
9 76 
8.97 

11 60 
7 07 
7 19 

14 30 
9 90 

16 20 
14 40 
16 00 
9 25 
19 50 
23 10 
16 40 

11 44 

12 96 



.6 80 
6 40 

6 44 
9 10 

7 42 

6 63 

8 00 
6: 90 

7 84 

8 02 
7 00 

7 88 

8 26 
13 60 

6 60 



5 60 



$42 00 

44 88 
34 30. 

57 00 

58 80 

49 50 
25 2-0 

40 50 

33 S 4 

38 00 
36 75 
80 60 

34 77 

45 00 

50 22 
80 00 
64 02 
57 80 
58-80 
61 20 
50 16 

29 90 

30 10 

28 14 

29 25 
29 58 
25 92 
36 54 

39 01 
34 00 

36 90 
3315 

41 60 
29 10 
53 55 

37 80 
48 75 
57 95 
^8 30 

31 50 
41 60 
41 00 
22 40 

32 40 

38 15 
55 80 



$175 68 



195 30. 
152 00 



105 00 



48 40 
48 47 
50 88 



49 00 

40 25 

50 46 
.51 35. 
57 96 



64 80 
75 60 
109 25 



fil 60 



66 00 



$10 16 

10 20 

9 90 
19 43 

14 64 
17 10 
13 89 

15 68 
13 50 
13 05 
13 06 

11 29 
11 10 
13 75 
13 84 
13 61 
11 97 
11 75 
11 00 

10 24 

11 00 

12 84 
9 38 

10 25 
12 58 

12 85 
9 35 
9 56 

7 70 
5 58 

.5 58 

8 70 

5 31 
4 56 

13 80 

10 81 

6 53 

9 90 
It 70 

4 93 

12 08 

11 41 

13 05 

7 76 

8 57 
11 28 



112 90 

14 86 
12 68 
12 93 

15 94 
11 21 

16 50 
19 99 
15 58 
18 71 
15 34 



Average. 



S 03 



12 04 



34 49 57 49 9 78 14 75 
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A general sii/mmary, showing the estimafed quantities ^ number of acres y and aggre- 
gate value of the crops of the farm in 1SS6. 



Products. 



Indian corn . . ; busiiels . 

Wheat .... . . . , — do . . . 

Eye . . - . ......... do . . . 

Oats . , . ... ......... .do. . . 

Barley. ., — ........ ...^ ....do. . . 

Buckwheat .do. . . 

Fotatoes , . .do. . . 



Total. ............ .. ...... , 

Tobacco pounds . 



Hay . 

Cotton 

Grand total . 



•tons. 



Quantity 
jjroduced. 



.936, 176,000 
357, 113, 000 
21,750,000 
639,409,000 
68,360,000 
12-, 626, 000 
175,029,000 



3, 190, 4G8, 000 



562, 736, 000 
44,731,550 
<3, 575, 300 



Number of 
acres. 



73, 130, 150 
34, 189, 24^6 

3, 129, 301 
22.783,630 

2,729,359 
914,394 

3,265,823 



138,141,9 



752, 520 
39, 849,701 
18,300, 865 



197, 044, S 



Value. 



1635,674,630 
275,320, 390 
12,594,820 
179,631,860 
32, 867, 696 
7,057,363 
78,153,403 



1,221,300, 163 



43,265,598 
; 389, 752,873 
269,989,812 



1,924,308»445 



fable showing the average yield and cash value x>er acre, and price per unit of quan^ 
tity^ of farm products for the year 1SS6. 



Products. 


Average 
yield per 
acre. 


Average 
price per 
unit of. 
quantity. 


Ai'erage 

value 
per aci'e. 

3 


Products, 


Average 

yield 
per acre. 


Average 
price per 
unit of 
quantity. 


Average 

value 
per acre. 


Indian corn . .bushels. 
Wheat ...........do.. 

Rye , ...do.. 

Gats ....... . .do. .; 

Barley do.. 


26.5 
10.4 
10.2 
27.6 
21.4 


■ SO 33. 8 
77.-1 
57.9 
28.5 
56.3 


$8 69 

~ 8- 05 
5 92 
7 88 
12 04 


Buckwheat , bushels . 

Potatoes do. . 

• Tobacco pounds. 


13.8 
77.2 
747. 8 
1,12 
.359 


. $0 55. 9 
44.7 
7.7 
8 71 

:*8.5 


S7 72 
34 49 
57 49 
9 78 
- 14 75 



*Per pound. 



; FARM.AmMALS. 

Table showing the estimated number of animals on farms ^ total value of each Jcindy 
and average price, January y l%%^. 



States . and Territories. 



Maine ........... 

New Hampshire 
Vermont , . . . . ._. 

Massachusetts.. 
Rhode Island , . . 
tJonnecticut .... 

New York ...... 

New Jersey.. ... 

Pennsylvania. . . 

Delaware ... 

Maryland. ...... 

Virginia ........ 

North Carohna. 
South Carolina . 
Georgia ........ 

Florida 

Alabama ........ 

_ Mississippi — .. 
Louisiana . . * . . . 

Texas 

Arkansas ....... 

Tennessee ...... 

"We^t Virginia , . 
Kentucky .... . . 

Ohio 

Michigan ... 

Indiana. . . . . 

Illinois. 

Wisconsin 

Minnesota ...... 



Horses. 



Number. 



90,288 
49, 138 
79,203 
6.2,663 
9,905 
47.934 
647; 845 
90, 741 
577,531 
23.330 
12S:496 
233:871 
142; 579 
62,789 
106, 834 
29,419 
123,342 
125, 154 
112,975 
998,862 
169, 625 
288, 604 
131,621 
383,034 
753,680 
428,650 
635,362 
,048,?'59 
396,700 
334,588 



Average 
price. 



|88 30^ 

82 91 

83 68 
103 15 

102 58 
99 66 

93 23 

103 54 

94 10 
97 39 
81 62 

69 56 

74 53 
88 97 
81 58 
79 78 

70 79 
69 43 
56 41 
35 89 
54 68 
65 73 
60 85 
63 69 

79 16 
83 58 

75 47 
75 21 
78 04 

80 00 



Value. 



S7, 972,453 
4,074,211 
6, 627, 271 
6, 463. 534 
1,016,071 
4,777,165 
60,389,110 
9,395,110 
54,346,474 
2,172,384 
10,324,641 
16,267 609 
10,625,894 
5,586,481 
8,715,984 
2, 347, 183 
8,731,643 
8,688,875 
6,372,937 
35,851,466 
9,258,528 
IS, 966,758 
8,008, 848 
24, 394, 384 
59.659,185 
35'. 826, 292 
47; 950. 766 
78; 872; 127 
30, 957, 953 
26,767,040 



Mules. 



Number. 



5, 107 
9.407 
23, 670 
4,061 
13,226 
34, 342 
86,453 
71,119 
143,843 
11,558 
132, 848 
147,512 
78, 863 
175,515 
114,317 
187,208 
6,412 
124, 185 
23, 999 
5,775 
54,943 
124,473 
8,010 
10,553 



price. 



$107 33 
119 47 
109 99 
113 74 
108 17 

85 53 

83 19 

98 30 

96 60 

97 21 

84 03 
88 57 

86 24 
54 50 
69 77 
69 69 
75 50 
69 38 
87: 68 

99 60 

81 97 

82 43 
91 51 

98 14 



Value, 



1548,113 
1,133,900 
2,603,488 
461,915 
1,430,626 
2, 037,296 
7, 192, 173 
6,990,978 
13,880,850 
1,123,586 
11,120,818 
13,064,504 
6,801,147 
9,566,081 
7,970,394 
13,046,443 
484, 106 
8,616,370 
2,104,238 
675,190 
4, 503, 828 
10,259,734 
732,995 
l; 035, 689 
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Table showing the estimated number of animals on farms, total mliie, d'e.— Cont^d. 







- 

Horses. 






Mules. 


















States and Territories. 


















Average 
price. 


value. 




Average 
price. 


•XT 1 

value. 






$72 18 


1:68.245,528 


48,537 


|86 09 


$4, t78, 575 




737. 208 


-: 58 52 


43,138, 118 


212,615 


67 76 


14,407,602 




549; 40t) 


69 98 


38,4^0,250 


79,015 


89 64 


7,136,992 




341,419 


74 50 


25,43:^718 


28,827 


94 48 


2,723,frll 




275,834 


03 00 


1?', 377, 542 


&1,551 


77 65 


2,450,081 




159.786 


52 57 


8, 399; 155 


3,005 


64 41 


193,550 


Novada 


4'/. 136 


61 13 


2, 574, 908 


1 563 


80 01 


125 052 




108,570 


59 09 


6.' 415.' 942 


7^500 


80 as 


607^ 311 




9, m 


53 C«3 


' 513, 093 


1,242 


04 50 


117,360 




206, 3S8 


77' 85 


16.069,137 


11,616 


100 40 


1,166,247 




44, 318 


60 00 


2,659,080 


2,388 


87 00 


2ar,750 




120,750. 


62 68 


7,568,0-^8 


8, 900 


84 15 


753, 9&1 




19,79(5 


39 37 


779» 288 


10 G98 


54-60 




Utali 


52' 4(51 


40 53 


44(1 9fiR 


3 409 


62 94 


314i 554 


Washington ■ • - - 


81 ; 915 


67 45 


5,526,821 


l!(>09 


85 00 


a5,705 




72,000 


53 13 


3,82.5,360 


3, 100 


80 00 


348,000 




13,077,657 


71 27 


860,823,208. 


2,052,593 


79 60 


103,381,096 


States and Territories. 




Much cow 


s. . 


■ 

Oxen 


and other 


cattle. 

















Niiniber. 


Average 
price. 


Value. 


Number. 


Average 
price. 


V aiue. 


Maine , ... 


165, 35?. 


|30 10 


14,977,125 


187,030 


$5^9 89 


|5,590, 174 


New Hampshire 


97,070 


29 83 


2,895,598 


135, 169 


31 33 


4^264,412 


Vermont 


218,940 


28 63 


6,268,253 


176,808 


go 00 


4,607^683 


Massachusetts v .... 


169,968 


82 40 


5,506,063 


. 108, 383 . 


31 67 


3,432,457 


Rhode Island ................... 


22,m 


:34 00 


766,462 


13,034 


36 80 


480,490 






32 92 


4, 0^3,184 


106, 724 


33 61 


3,586,535 


New Yoric 


1,510,300 


29 60 


44,704,880 


868,409 


32 08 


27,S60|665 




171,214 


34 36 


5,882,913 


09,248 


34 65 


2,399,115 


Pennsylvania . . . 


902, 127 


30 10 


27,154,023 


858, 474 


37 36 


S3, 484,' 680 




2iS,J399 


28.50 


809,372 


26,605 


28 53 


758' 912 


Maryland..,. 


131,063 


30 15 


3,951,549 


138,196 


25 08 ■ 


3 406 107 


Virginia > . . i ... . . . ~. . . .... 

Noi-th Carolina 


247,607 


2181 


5,404,671 


423,803 


18 42 


7* 804* 759 


238,955 


16 65 


3, 978, 601 


423, 619 


10 24 


4' 339^ 469 




143,315 


19 83 


2, 855, 268 


214,711 


11 18 


2, 400', 020 




341,013 


18 35 


6, 257, 5{'>9 


610,811 


9 91 


6, 053,* 141 


Florida 


47, 915 


16 00 


766, 649 


565,600 


8 79 


4^^(0*606 


Alabama 


2ls5,290 


15 92 


4,541,817 


432, 090 


10 15 


4' 384,' 375 




277, oS:^ 


15 96 


4,429,287 


420, 4r^7 


a 89 


4' 158*822 


Louisiana.. 


l.:B,3i3 


19 00 


2,912,947 


252, 863 


11 93 


3'016'04S 




700, 876 


20 29 


14,220,774 


4,023,177 


13 00 


62, 298, 087 




276, tC4 


17 98 


4,964,350 


44>3, 173 


11 26 


4,979,790 




326,417 


20 00 


6,528,340 


475, 406 


13 4.3 


6,880,604 




1(36,2.53 


25 42 


- 4,226,126 


289, 519 


18 05 


5,226,3^7 




307, 7G7 


28 53 


8,780, 593 


529, 071 


21 18 


11,208,055 


Ohio.. 


775,724 


30 53 


23,682,&54 


1,017,820 


28 94 


27,414,990 




420,362 


30 38 


12,770,598 


506, 641 


25 52 


12, 929, 152 




540,634 


30 00 


16,319,020 


885,665 


25 42 


22, 511,670 




m, 194 


31 57 


- 29,803,085 


1,485,903 


20 04 


38,699,757 




565,177 


2.S 63 


16,181,013 


710,053 


23 22 


16,489,006 




886, £60 


27 87 


10, 768, 020 


448, 695 


^61 


10,098,280 




1,2:30,695 


28 80: 


35,441,016 


2,074.919 


24 20 


50, 332, 980 




70S,G98 


24 59 


17,426,884 


1,387, 818 


20 84 


^,921,584 




575,095 


28 46 


16,367,204 


1,494,259 


22 94 


34, 273, 065 




309,106 


30 80 


9,520,465 


1,5^5,457 


24 09 


37,910,598 




236.378 


38 75 


9, 159, 6'48 


027, 907 


28 0 6 


17 994 559 


Oregon. 


72; 342 _ 


27 46 


1,986,511 


606,835 


23 73 


14' 397'' 777 


Nevada 


16 84^ 


39 00 


U'Ju, ♦ i/y 


288, 235 


23 55 


Oi 788' 320 




51, 155 


40 67 


2, 080, 474 


1,019,779 


25 95 


20,213,893 


Arizona . . . ....... 


-13,847 


31 00 


429,257 


233, 931 


20 00 


4,778,620 




181,845 


30 94 


5,010,814 


62*1,145 


23 Gl 


14, 750, 0(50 




22,271 


35 CO 


779, 435 


2[)0, 131 


22 00 


6,382.882 




25,300 


37 00: 


936,100 


725,700 


22 08 


16,ftC3.4oO 


Nev,'' Blexico 


17,932 


26 00 


466, 2-32 


-1,151,857 


18 00 


20,733,420 


Utah , ...... 


42,013 


30 86 


1,296,521 


1G2, 840 


23 88 


3,688,530 


vragibington- ..................... 


55,730 


32 00 


1,815,360 


2?.0, 358 


20 00 


7,445,30s 


Wyoming . ........... , . 


.6,233 


38 00 


. 236,854 


1,2P:0, 916 


25 00 


32,022. 900 










627,000 


22 00 


13, 794. 000 










Total 


14, 235, .388 


27 40 


339,985,533 


31,275,24;-: 


21 17 


061,950,274 
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Table shoiving the estimated number of animals on farms, total valiiCy dc— Cont'd, 



States and Territories. 


Sheep. 


Hogs. 
















Number, 


piice. 


Value. 


Number. 


iiverQ.ge 
price. 


Value. 




537,407 


$2 15 


S'l, 156,771 


70, 702 


$8 78 
9 33 


$620,760 




195, SCO 


2 45 


478, 387 


54, 404 


50^', 725 




378, 174 


2 86 


1,082,031 


74,115 


6 90 


511,112 


Ma^saclmsetts , 


.64,501 


3 Oi 


196,104 


77,616 


10 04 


- 779,577 


Rliode Island ................. 


20,449 


3 75 


76,684 


14,395 


9 60 


141, Oil 




53,477 


3 25 


173, 575 


61,782 


8 24- 


508,83;3 


Js'ow York 


1,595,824 


3 OG 


4,875,243 


722,060 


7 53 


5,435,4^18 


New Jersey 


107,413 


3 70 


403, 851 


193,795 


8 35 


1,618,574 




1,189,481 


2 68 


3,187,809 


1,103,391 


-7 47 


8,2^1,556 




22,294 


2 8-0 


62,368 


44,431 


6 10 


271,02^i 


TVT n ■5'trl n r\r\ 


168,582 


3 08 


519,739 


299,868 


5 95 


1,785,115 


Vir^iiiiSi . . . ..... . i . . . < < • • .... 


463,127 


2 24 


1,035, 922 


675, 256 


3 66 


3,206,06:1 


orth. C3.rolin8) 


468, 816 


1 28 


600,084 


1,346,558 


3 24 


4, 357, 460 


South Cflirolina . . ............ . 


112,935 


1'72 


194, 250 


567, 181 


3 40 


a, 937, 982 


Georgia. 

Eloriaa ............... . . .... . . . . 


500,594 


1 46 


730,868 


1,565,978 


3 15 


4,930,952 


91,094 


1 65 


150, 305 


298, 108 


2 38 


- 709, 498 




337,047 


1 4i} 


471,866 


1,351,152 


3 15 


4,261,533 


Mississippi. . . . ^ ................ . 


270,103 


1 50 


413,878 


1,212,144 


3 04 


3,685,645 




116,385 


1 65 


192, 466 


580, 790 


3 10 


i,m,m 




6,802,615 


1 70 


11, 582, 812 


2, 411,727 


S 76 


6,656,307 


Arkansas .... 


234, 021 


1 57 


367, 881 


1,692,365 


2 48 


4,197,065 


Tennessee . . . . ....... • . ...... 


603, 780 


1 60 


967, 255 


2,122,646 


3 20 


6,788,222 


West Virginiar . ..... 


QM, 912 


1 88 


1,174,210 


416, 133 


3 66 


1,523,133 


Kentucky . . . • « . • . 


903,223 


2 24 


2, 024, 665 


2,032, 138 


3 48 


7,068.996 


Ohio . ... 


4,753,0^4 


2 09 


9,918,156 


2,4^12,457 


4 SO 


11,720,864 


Michigan . ,* , . . , , , . , , . ........ ^ . . 


2,269,607 


2 11 


4,788,871 


840, 682 


5 27 


4,430,393 


lndi£ina . . 


1,038,517 


2 10 


2,288,607 


2.773, 199 


4 66 


12,936,420 




1,005,653 


2 19 


2,205,196 


3,967,961 


4 76 


28,897, 017 


"AVisconsin 


1,218,800 


1 89 


2,305,969 


1,056,265 


5 18 


. 5,468,282 




278,102 


2 21 


615.294 


440, 540 


4 67 


2,056,000 




407,580 


2 28 


1,067; 204 


4,849,008 


5 07 


24,596,107 




1,2(35,078 


1 48 


1,908.340 


4, 168, 091 


3 46 


14,4a4, 9,22 




1,190,103 


1 60 


1,898, 667 


2, 275, 178 


4 86 


ll,0fi9,r>40 


^*'il"»T'ji <slrfl 


^48 673 


2 15 


965,993 


2,312 784 


5 OS 


11 7-1'^ 943 


On 1 i m 1 n. 


6,069,698 


1 81 


10,961,268 


1,027," 598 


4 15 


4,' 266,' 586 


Oregon 


2,469,551 


1 ^/ 


3,618,139 


191,600 


2 81 


538,281 




661,281 


1 73 


1,145,436 


14,399 


4 55 


65, 517 




1,126,645 


1 77 


1,994,162 


17.032 


7 38 


125,611 




896, 002 


1 70 


1,523,203 


lO; 149 


4 50 


45,671" 




253,672 


2 24 


- 568,236 


355,980 


4 98 


1,773,849 




210,375 


2 10 


441,-788 


26, 762 


5 00 


_ 149, 867 




718,750 


2 12 


1,5S3,391 


19,298 


6 26 


120, 805 




4,328,755 


1 60 


6, 934,666 


17,492 


5 55 


97,083 


Utah 


651,707 


2 08 


1,356,588 


27.554 


7 16 


197,357 




544,548 


2 25 


1,223,491 


66,779 


4 81 


321,286 




518,466 


2 07 


1,072,188 


2,500 


6 50 


16,250 




48,332,331 


1 91 


92,443,867 


46,092,043 


4 25 


196,569,804 



■ NUMBERS. 

Ttie interest in horse Tareeding has not abated during the past year. 
Improvement is rife in nearly all sections of the conntry, giving in- 
crease of valne, so that the aggregate of horse values, notwithstand- 
ing the general tendency to decline, has slightly*advanced. ISTo other 
species of farm animals shows mnch increase of valne. 

In New England there is considerable interest in raising trotting 
stock.: The stock laws of the Southern States, which require fencing 
in of stock, have resulted in the increase of horse raising, at the ex- 
pense of other stock, as horses require a smaller area of pasture, and 
better repay expenses of raising. The South, however, does not yet 
raise all the horses required, making a market still for many horses 
grown in Eentucky and north of the Ohio. In Louisiana the wood 
pastures and old fields of the western parishes contain droves of a 
small horse of Spanish origin, which is much used by the Creole and 
negro population for cultivating and general pur23oses, Tliey are 
26 AG— 86 
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easily and clieaply raised^ and bear a low price, tliiis reducing the 
average value of tte torses of tlie State, In some parts of Texas there 
is a growing interest in horse raising. Cross-bred colts from Mexican 
dams are produced in large numherSj selling, when grown, at $20 to 
|40j according to quality. A better cross from large American mares 
is worth $80 when full grown. The average value of Texas horses of 
all ages is less than half the average of the United States— |32,B9 to 
15. The Arkansas marljets are flooded with Mexicau mustangs, 
causing a reduction^ in price in some localities. Mustangs have been 
very generally distributed during the past year — considerably even in 
the Ohio River region— among better stock, where a tendency exists 
for heavier draft horses. The great vari6)ty of uses of horses admits 
of enlargement of demands for both large and small breeds. Minne- 
sota horses are in demand farther west, and are_ beginning to be grown 
for the -Dakota supply. Horse raising i$ to some extent taking the 
place of wheat. Sl umbers have increased largely in Kansas, partly 
owing to immigrartion and partly to the establishing of large stock 
farms. The bronehos, or Mexicans, are distribxited extensively 
through the PaciflC'-coast States, reducing the average value by their 

. numbers. The increase is very heavy in Idaho, Montana, Utah, and 
Washington from establishment of horse ranches. Oregon, Calif or- 
nia, and'Minnesota show marked increase. / 

The increase in mules has been less proportionally than in horses 
during the past year, and is unequally distributed. Few are found in 
JSTew England or in the States of the Northern border, but they be- 
come more numerous in the lower latitudes. 

The largest increase of milch cows is in the States receiving immi- 
gration, and in the Territories where mining and other industries are 
increasing. The increase has been slow in several of the "Western 

: States on account of the low price of butter. There is indicated, how- 
ever, a tendency to improvement in quality. It is recognized that 
the profits of a dairy, where the margin is.small, may be sacrificed by 
the presence of a fevf poor cows. It is reported that a better feeling 
exists since the passage of the olemargarine bill. 
There has been a considerable increase in other cattle, from a belief 

- that beef will pay better than wheat and cotton and other tillage crops, 
•declining less in unfavorable markets. A larger number of calves 
has been raised, and in the ranch regions cows have been retained in 
the herds, while bullocks have gone to market ; and though there was 
hea^vy loss last winter in some districts, there is increase of numbers in . 
in the. feeding grounds of the plains and mountains. 

' Sheep have been reduced heavily in num.bersv under the influence 
of low prices of wool, to such extent that the comparative ^carcityy 
with increasing wool values in other parts of the world, has given 
prices an upward turli, and sheep are already coming into greater de- 

- mand. In all parts of the world wool prices have recentty been low, 
and numbers have decreased in other coimtries, caiising the rise in 
value that has recently taken place. 

The numbers of swine are also less than a year ago. The ravages 
of cholera have been so heavy, that stock hogs have not been kept np 
to the recent standard of supply. The reduction is also felt in the xe« 
ceipts of slaughtering establishmen^^^^ 
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The total mimbers of farm aiiiixiais, compared witli tlie fignres of 
February, 1886, are as follows: ; 



: : . ' . stock. - 


1886. 


18S7. 


Increase or 
decrease. 




1S,07T,657 
S, 052, 593 
14, 235, 388 
31, 275, 2^12 
48, 32r3, 331 


12,490,744 
2. 117, 141 
14; 522, 083 
33,511,750 
44,750,314 
44,G12,83G 


+ " 41&,--087 
+ '64v548 
+ 286,695 


Mules., o . . . ..... .V. . ....... ^ . . . ........ i . . 


Oxea and other cattle ........ — 


+2,236,508 
-3,503,017 
-1,479,207 




46; 092. 043 







VALUES. - . 

The decline in values noticed in two preceding reports has not been 
active. It is most manifest in cattle, which have increased in nnm- 
bers. As to hoi^ses, sheep, and swine, average values have slightly 
increased during the year. It is to be ho|)ed that the depression in 
agricultural values has reached its lowest ebb. The averages ai^e-as 
follows: 



stock. 


1886. 


1887. 


Increase or 
decrease, 




S71 27 
79 60 
37 40 
21 17 
1 91 
4 25 . 


S72 15 
78 91 
26 08 
19 .79 
2 01 
.448. 


+sa 88 

- 69 

- 1 33 

- 1 38 
+ 10 
+ 23 











The course of prices of the last ten years is thus shown as indi- 
cated by the average price of all animals of each species on the 1st 
of January: 



Years. 


Horseis. 


Mules. 


Cows. 


Other 
cattle. 


Sheet?.: 


Swiiie. 






$58 16 


183 70 


$26 41 


$17 14 


|2 25 


84 98 






m 41 


56 06 


21 73 


15 39 


- 2 07 


3 18 






54 75 


61 26 


23 27 


16 10 


2 21 


4 28 






58 44 


69 79 


23 95 


17 33 


2 39 


4 70 






58 52- 


71 35 


25 89 


19 89 


2 37 


5 98 






70 59 


79 49 


30 21 


21 80 


2 53 


6 75 


1884 




74 G4 


84 22 


31 37 


23 53 


2 37 


5 57 






73 70 


82 38 


29 70 


23 25 


2 14 


6 02 






- -71 27 


79 60 


27 40 


21 17 


1 91 


4 25 


1887 




72 15 


78 91 


26 08 


19 79 


2 01 


4 48 



The year 1879 was the date of lowest prices recorded since the 
collection of these statistics. The decline from 1873 to 1879 was 
almost continuously progressive and very heavy. A sharp rise fol- 
. low^d, culminating in 1884. Sheep were highest ni 1883, commencing 
a decline, due to large importation of foreign wool, a year before the 
retrogrado movement in other values commenced. Hogs w^e also 
highest in 1883, on account of the poor corn harvest of that year. 
Hogs always sympathize with corn in price movements, fluctuating 
with good and bad harvests, aside from the tendency of prices from 
other causes. 
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The aggregate values of farm animals and a comparison with, val- 
ues of last year are given as follows: 



stock. 


1886. 


1887. 


Increase or 
decrease. 




$860,833,208 
163,381,096 
389, 9a5,523 
661,956.274 
92, 443, 867 
196,569,894 


S^l, 685,755 
167,057,538 
378,789,589 
663, 137, 926 
89,873,839 
200,043,291 


+140,863,547 
+ 3,676,443 

- 11,195,934 
+ 1,181,652 

- 2,571,028 
+ 3,473,397 


Mules. . ......... V i . . . . . . 








Total . . . ... ........ V. .......... ... 


2,365,159,863 


2,400,588,938 


+ 35,427,076 



There is an increase in the totals for horses, mules/ oxen and other 
cattle, and swine. The decline is heaviest in milch cows, attributed 
to discouragement over the prices of hutter, which farmers claim . 
haveheen reduced hy the ahundance of oleomargarine sold as butter. 
The feeling is better under the law regulating the sale of imitation 
butter compounds, and prices of cows are already appreciating in 
consequence. 



Table showing the estimated mitnber and value of animals on fartris, January 1, 1^7. 



States and Territories. 


Horses. 


Mules. 


Numoer. 


Average 
price. 


Value. 


Number. 


Average 
price. 


Value. 




92 094 
49*384 
82', 370- 
63,916 
0,955 
48,413 


$88 63 
83 91 
82 31 
106 64 
106 62 
100 00 


6,780,071- 
6,816,3tX) 
1,061,443 
4,841,242 


















































660,802 


98 


39 


65,017,137 


5,ir>s 


tm 




S.:7l,8(M) 


New Jersey . . . . .... . ... , ... . . . . . . . . 


91,648 


1C3 


26 


9,4{«,136 


9,4U7 


120 




1,136,749 




583,306 


94 


87 


55,. 3:57, 053 


23,670 


110 


oi 


2,615,691 




22,330 


95 


63 


2,1ii5,491 


4,061 


lib 


■s-i 


4S0, 130 




129; 026 


as 


15 


10,728,077 


i3,a^8 


96 


it; 


1,&S4,544 




238, 543 


70 


11 


10,725,673 


35,372 


86 


46 


3, 0:}8, 086 




142, 579 


75 


14 


10, 713, 012 


88, ISl 


79 


32 


6,994.Ci96 




64,673 


88 


37 


5.701,926 


73,253 


94 


04 


6,888. '^Sa 




107', 902 


81 


16 


8;757,a35 


146,720 


95 


20 


13, 980, 




31,184 


81 


G2 


2,545,222 


11,789 


93 


\n 


1,107,2S4 




137,042 


08 


89 


8, 751,535 


134,995 


82 


93 


11,194,62-4 




130,160 


70 


59 


9,187,560 


153,413 


84 


44 


12,953,958 




114, ia5 


57 


27 


6,534,952 


81,229 


84 


06 


6,876.876 




1,038,816 


33 


39 


33,(542,055 


186,046 


51 


60 


9,637,233 




174,714 


60 


07 


10, 495, 903 


117,747 


72 


75 


8,566,439 




294,376 


66 


81 


19,667,265 


190,952 


70 


81 


13,621,572 




135,570 


65 


73 


8,910,107 


6,540 


75 


75 


495,309 




386,864 


67 


83 


26,242,445 


132,943 


72 


20 


8,883,535 




761,217 


81 


97 


02,398,001 


24,479 


87 


98 


2,153,571 




454,389 


84 


87 


£8, 563,565 


5,486 


101 


39 


556,308 




635,362 


77 


50 


49,243,727 


53,844 


83 


49 


4,495,201 




1,059.247 


76 


61 


81,152,417 


125,718 


83 


33 


10,476,670 




408,601 


80 


72 


32, 983, 234 


8,010 


94 


24 


7.54,877 




354,663 


82 


90 


29,402,052 


10,447 


99 


23 


1,036,624 




973,808 


73 


86 


71,926,052 


48,052 


- 87 


13 


4,18S,8j2> 




759,32-1 


58 


00 


44,542,180 


218, 993 


67 


58 


14,799,633 




593,338 


71 


2Ji 


42,263,123 


83,596 


: 87 


57 


7,330,901 




382,389 


76 


75 


29,3'i9,719 


40,358 


93 


09 


3,716,460 




289,626 


64 


00 


18,534, 948 


36,^ 


83 


67 


3,03.5,912 




167,775 


53 


92 


9, 045, 603 


3,155 


72 


60 


239,068 




44,6.>1 


55 


15 


2,462,449 


1,657 


73 


18 


121,351 




123, 770 


58 


00 


7, 178, 918 


8,165 


83 


92 


6a5, 334 




10,165 


52 


00 


528, 580 


1,863 


74 


00 


137, 862 




227,027 


- 77 


60 


17, 618, 192 


11,964 


99 


85 


1,194,322 




48,750 


55 


00 


2,081,2.50 


2,436 


86 


50 


310, 714 




129,203 


50 


53 


6,533,088 


9, 329 


71 


75 


662,181 




20,786 


a5 


89 


: 745,944 


10,912 


47 


70 


520,501 


Utah 


m, 136 


43 


94 


2,466,490 


3,579 


60 


10 


215, 083 




94,237 


63 


87 


6,018,458 


3,23] 




00 


103, 247 


W'yomiiLg 


82, 500 


44 


59 


3,678,075- 


2,850 


69 


78 


193,687 




12,496,744 


72 15 


9U1,6S5,755 


3, 117, 141 


78 91 


167,057,538 
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TahU shoipiTig the estimated number and value of animals /arms— Continued. 





Sfilch cows. 


Oxen and other cattle. 


States and Territories. 
















Number. 


Averjige 
price. 


Value. 


Number. 


A 

ATerage 
price. 


Value. 




165, 849 


|29 50 


$4, 892, 548 


185, 160 


|28 13 


$5,208,833 




98,041 


30 20- 


2,960,838 


138,892 


30 64 


4, 255, 574 




321,129 


27 22, 


6,019,131 


178, 576 


27 25 


4,865,493 




175, 067 


35 00 


6,127,345 


110,550 


31 24 


3,453,157 


T? Vi nr ? (J Tel n H 


22, G56 


35 50 


804,288 


13, 154 


32 80 


432,243 




124, 6(50 


33 83 


4,154,918 


109, 926 


31 69 


3, 484, 055 




1,495,197 


31 30 


40,709,666 


859,7'25 


33 16 


28, 512, 267 




172,026 


36 00 


6,225,336 


69, 940 


33 56 


2,347,180 




911,148 


29 00 


20,423,292 


867,059 


26 14 


22,663, 198 




2.S,683 


30 50 


874,832 


27, 137 


26 64 


722,930. 




133, 684 


29 50 


3, 943, 678 


139,578 


24 86 


3,469,213 




255,241 


00 


5, 870, 543 


428, 041 


18 59 


7, 958, 353 




241,345 


15 75 


3,801,184 


419, 383 


9 99 


4,188,043 




141,748 


18 25 


2,041,651 


216,858 


10 67 


2,314,199 






17 60 


5,941,813 


604,703 


9 88 


5,975,851 




49, 8;-^3 


15 55 


.774,888 


565, 600 


8 64 


4,827,622 




288,143 


16 65 


4,797,581 


436,411 


9 86 


4,304,325 




283, 0;'3 


14 40 


4,076,251 


404, 662 


9 00 


3,823,653 




157,912 


15 25 


2,408,158 


265,506 


12 25 


3,251,655 




735,920 


15 84 


11,656,973 


6, 034', 766 


12 14 


73,293,2;-J3 




2S9,tJ09 


16 23 


4,705,223 


451,016 


10 71 


4,828,896 




336,210 


2100 


7,060,410 


470,652 


14 06 


6,619,257 




167, 915 


26 50 


4,449,748 


286, 62-1 


20 32 


5,824,486 




310,845 


27 23 


8,46^1,309 


534,362 


23 82 


12,727,433 




775,72^1 


29 18 


22, 6S6,62Q 


997,464 


26 90 


26,827,597 




432,973 


30 27 


13,10^3,093 


521,843 


25 S4 


13, 484, 860 




551,447 


27 38 


15,098, 619 


903,378 


24 17 


21,831,037 




937,476 


29 33 


27,496,171 


1,500,762 


25 27 


37,918,859 




548,222 


25 70 


14,089,305 


681,651 


23 48 


10,005,369 




417, ,275 


25 50 


10,640,513 


475, 617 


22 17 


10,544,186 




1,243,002 


26 18 


32,541,792 


2,116,417 


22 38 


47,369,282; 




729,959 


23 50 


17,154,037 


1,429,453 


19 20 


27', 441, 923 




609,601 


26 27 


16,014,218 


1,583,915 


22 41 


35,501,804 




333, 834 


26 63 


8,889,999 


1, 048, 200 


24 29 


25,460,778 




243, 469 


33 22 


o ADO r\Ar\ 

0, 088, 040 


659, 302 


20 64 


■-- io,ou^,oyo 




75, 959 


31 50 


2, 392, 709 


()43, 245 


23 77 


15,289,941 




17, 683 


36 10 


638, 356 


317, 059 


21 92 


6,949,933 




57 294 


38 00 


2 177 172 




22 20 


OQ 7fi« 4.70 

1 '±11' 




15*232 


23 33 


'355^363 


243,710 


19 00' 


4,630,490 




199,480 


28 00 


5,585,440 


710,934 


22 31 


15,859,862 




24, 498 


35 00 


857,430 


339,453 


21 50 


7,298,240 




29,095 


37 50 


1,091,063 


812,784 


23 10 


18,775,310 




18, 829 - 


25 07 


V 48:^,340 


1,220,968 


17 87 


21,824,802 




44,534 


30 00 


1,336,020 


219,842 


20 46 


4,498,871 




62,403 


m 00 


2,059,299 


300,676 


23 44 


7,047,849- 


6,358 


29 00 


184,382 


1,255,298 


22 95 


28,815,365 










620,730 


21 00 


13,035,330 




14,532,083 


26 08 


378,789,589 


33,511,750 


19 79 


663,137,926 




Sheep. 


Hogs. 


States «iiid Territories. 














Number. 


Average 
price. 


Value. 


Number. 


Average 
price. 


Valuft 




526,659 


$2 79 


$1,470,695 


71,056 


$8 60 


$611,080 




195, 260 


2 77 


539,894 


53,860 


9 38 


504,938 




378,174 


2 81 


1,061,459 


74, 856 


7 88 


589,688: 




63, .270 


a 34 


211,164 


76,840 


10 09 


775,319 




20,245 


3 G3 


73,540 


14, 107 


9 65 


136,130 




53,477 


8 51 


187,474 


61,164 


8 80 


538,245 




1,579,866 


3 30 


5,213,558 


700,398 


7 35 


5,145,331 




106,339 


3 58 


381,013 


189,919 


8 29 


1,574,626 


1,094,323 


2 81 


3,07'2,859 


1,OJ'0,239 


7 24 


7,750,178 




22,294 


2 93 


65,377 


42,654 


7 15 


304,977 




165,210 


3 30 


544,383 


2T'5,879 


6 49 


1,789,077 




449,233 


2 30 


1,034,134 


787,730 


4 11 


3,237,570 




450,063 


1 28 


576,081 


1,279,230 


3 35 


4,286,700 


South Carolina ................ 


108,418 


1 53 


166,314 


550, 160 


3 76 


2,068,625 




465,552 


1 42 


659, 7'80 


1,518,999 


2 90 


4,405,093 




90, ia3 


1 78 


160,886 


298, 108 


2 45 


729,708 




323,585 


1 43 


458, 071 


1,310,617 


2 96 


8,882,703 




242, 971 


144 


348,664 


1,115,172 


3 00 


3,345,516 




I : 111,730 


1 55 


173,015 


551,751 


3 18 


1,754,567 




4.761,831 


1 62 


7,718,928 


2,532,313 


2 80 


7,090,476 
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Table sJiowing tlw estimated num^r and value of animals oit fafms^-Conthmed, 



states and Territories. 


Slicep.. ' _ 


Hogs. 


Number. 


Average 
price. 


Value. 


Number, 


Average 
price. 


Value. 




224,060 
501,515 
593, OuG 

. : 858:002 

4,502,9],3 
- 2,156,127 

1,034,091 
925,201 

i,0:'2,541 
278,10^ 
-425,4158 

1,182,272 

1-, 106,852 
4^39,700 

6,069,098 

2,593,029 
074,486 

1, 14», 178 
027; 201 
256,209 

- 231,413 
754,038 

-4,023,742 
-658,-5:35 
555,439 


gl 52 

1 51 

2 18 
2 33 
2 53 
2 54 
2 48 
2 44 

- - 2 08 
2 36 
2 40 
1 07 
1 7'5 
1 92 
1-77 
1 42 

1 n 

1 61 

1 60 
43 

2 25 
2 34 

■ "1 48 
2 04 
2 GO 
.1 90 


- $341, £^3 
m, 877 
1,297,j042 
1,097,569 
ri,ab3, 675 
5.4a5,187 
- 3, 567, 131 
2, 260, 359 

: l,G20;5i5 
1,96H; F3H 
1.939,758 
:a:ii,C€4 
10, 7:^,193 
o,67'0, 173 
1 , ln3, 37i 

i;(»8;532 
■ 623,10s) 
520,679 
1,762,197 
5.958.098 
1,343,692 
1,110,878 
1,047,480 


1,523,129 
1.910:381 
' 432, 778 
3,808,603 
2,320,334 
823,868 
2y4i;5,S79 
3, 650, 524 
1,003,452 
422, 918 
4, 41 il, 087 
3,rw6,325 
2,161,419 
" 2,382468 
1,017,323 
229,920 
14, 543 
21,290 
13,701 
427,176 
28, 100 
20,263 
20,990 
28,656 
90,152 
-. 2,750 
850,000 


$3 65 

3 10 

4 11 

3 82 

5 59 
5 82 
5 37 
5 48 
5 30 

4 60 

5 17 
3 62 
5 53 
5 49 
3 78 

3 86 
5 33 

- 6 88 

4 00 

5 43 
5 25 

5 88 

6 ^ 
8 27 

4 20 
6 40 

5 60 


14,036,293 
5,923,181 
1,780,448 
6,905,^7 
12,967,882 
4,794,419 
13,396,880 
19,997,673 
5,314,384 
1,943,730 
23,065,603 
14,032,297 
11,955,240 
15,073,336 
3, 841,409 
656,423 
77,339 
146,424 
54,804 
3,314,013 
147,525 
119,163 
131,565 
237^052 
384,049 
17,596 
3,310,000 


^rennessee 

West Virginia . . ... ... ^ . . v^- 

Kentiieicy. . . . . . , . . . . . ; .... . . . - - • 

Ohio.. V .- 

Micliigan — 

Indiana 

Illinois/. ... , 

Wiaednsin ........ 

Slimiesota .............. .- . . . . . 

iowti. 

Mi£ffiK)liri ■ 

Kansas — 

Nebraska 

Gaiifomia • 

Oregon ...... . .................. 

Nevada.... . 

Colorado - 

Arizona. . 

DaliOta 


Montana 

New Mexico — • 

Utali...... 

Washington 

Wyoiiiing... 

Indian.. - 

Totali........ 


4i, 759, 314 


2 01 


89,872,839 


4^1,613,836 


4 48 


200,043,291 



WHEAT. AND CORN. 



SUPPLY AND DEMAND FOR FIVE YEARS. 



A resolution of the House of Representatives of the United States 
called u:pon tlie Department of Agriculture to give the amount of, 
whea^ and corn on hand in this countr}^, vrhere located, with proba- 
ble requirements, to September 1, 1886, as compared with amounts 
on hand at similar periods during the previous five years; the num- 
ber of acres of spring and winter wheat growing, each respectively, 
to produce the crops of 1886, with acreage for each of the five pre- 
ceding years; the amount of wheat and corn, each respectively, likely 
to be required by each importing country, with present surplus on 
hand in each exporting country to supply such requirements until 
September 1, 1886; the area of wheat sown in all other countries for 
the crop of 1886, with probable surplus or shortage in each country. 

On the 29th of May a report was made by the Statistician and 
cominimicated to the House, showing concisely: 

(1) (a) Stocks on hand in the United States; (b) requirements to 
September 1. 

(a) Acreage of crop of 1886. 

(8) (a) Production in Eiirope; (&) European commercial supply^ . 

European stocks on hand. : 
(5) The coming crops: (a) Wheat; (6) corn. 

It makes the normal consumption of wheat- consuming countries^ 
not including the small amount iDroduced in countries where other 
grains Gonstitute the diet of the people, about 2,165,000,000 bushels, 
and finds that the deficency of last year was 89,000,000, and the sur- 
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pliis of 1884 a.25;GOO,000, It finds a aeficiency in 1886 in; conntries 
where the haryest is fl the probability of an 

average yield in Etirope, and of a prodiiGtion in this country of at 
least lOOjOOOjOOO btishels more than the product of 1885; and there- 
fore^ on the basis of present condition^ a probable f nil supply of 
the wants of the world for the coming year. 

It finds that there has been some increase of wheat area eyen in 
Etir 0136, and yery mat eriat enlargement of breadth in the United 
States, some in India, Australasia, and South America, which causes 
a full supply j if not a plethoraj in the markets of the world, and 
which has reduced the price in Liyerpool to a lower point than has 
been recorded in 125 years. 

It shows the fact, which those who only look at the commercial 
movement of ten fail to see, that nearly all the wheat-raising countries 
of the world aiin to produce a full supply, and usually succeed; that 
JTorth America/ South America, Asia^ Africa, and Australasia each 
produce a supply, and generally some surplus, while Europe produces 
3^ of the 4 bushels required per capita, besides another half bushel 
for seed, say about 165,000^000 bushels. It shows that if Great 
Britain shali be set off from Europe, the Continent will supply itself 
ustially, or at least require only a few million bushels after its interior 
distribution is effected. In other words, the world is striyingto del- 
uge Liyerpool with wheat, and finds elsewhere^ and is, likely to find 
elsewhere, despite any law except the natttrari^ production and 
self'preseryation, no markets that are worth striving for, or that can 
enrich any wheat-growing nation. . 

The report of the Statistician is given in full. 

l.--(a) STOCKS ON HAND. 

In ^ ^ stocks on hand " are included the estimated amount in the 
hands of farmers and the visible supiply^' of commercial authorities, 
but not that of unenumerated wayside granaries, the unmanufact- 
ured stocks of millers, or the manufactured product on its movement 
from mill to mouth. 

_ Wheat stocks, May 1. 



-Yeans. . 


Stocks. 


Previous 


Farmers'. 


Commercial. 


Aggregate. 


crop. 


1886.....,- 


Busliels. 


Bushels. 
44,000,000 
40,000,000 
22,000,000 
20,000,000 
10,000,000 


Bushels, 

104,000,000 

1S2,000,G00 

95, 000,000 
111,000,000 

76,000,000 


Bushels. 
357,00a,0[K} 
513,000,000 
431,000,000 
504,000,000 
SS3,000,0d6 


1885 . . . ...................................... 


113,t)0O,00O 
73,000,000 
91,000,000 
66,000,000 


1884 


iS83 

1882;..........:................... ............ 





Were the mill stocks, unenumerated commercial grain in obscure 
storage, and manufactured wheat in distribution included in the 
above aggregate the addition might suffice for the consumption of 
two months. This portion of the visible supply will be greatly 
reduced before the 1st of September, and will swell the above aggre- 
gate of stocks for the year's consumption. Then the harvest will be 
in progress in Texas during the present month, in Tennessee in June, 
in the Ohio Valley the 1st of July, and in Michigan later in the same 
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raonth. While the new crop is slow in its commercial movement at 
lirst/consumption in farming neighborhoods commences at once. 
There is a record in Northwestern Indiana of grinding new wheat 
night and day on Jnl^r o," and similar records are not infreqnent. 
Were the snpply for milling exhaii^^^ two months before the 1st of 
September, there woiild be no difficulty in obtaining a sufficiency 
from the new crop. Last year the harvest not only prevented deple- 
tion of commercial stocks, but added several million bushels in July 
and August. These sources of supply in the later months of the 
harvest year are larger than consumers and commercial dealers are 
apt to suppose, and as regards vf heat, August 1 vv^ould more nearly 
mark the commencement of the new year. 

The farmers' reserves are mainly in Michigan, Wisconsin, Minne- 
sota, Iowa, Nebraska, and Dakota. . _ - 

The commercial stocks are as follows: 





Wheq,t. 


Corn. 




Bushels. 
4,i;»,095 
402,635 
459,458 
2,480,117 
1,743,604 
1,597,902 
-11,777,804 
B, 335, 030 
1,008,000 
4,707,WH) 
7, 393, 

41<3,135 
1,703,911 
9. 268,353 


Bushels. 
2,251,834 
124,314 
499,191 
8,200 
478,438 
- 56,2S^ 
4,019,471 
556 




Baltimore , . . . , . . 4 , . . . ..... ... . . . . ...... . - . ........................... 




Detroit , . . . . , . . . . .V .....<..... ._ 

Chicago ... ... . ^ .............. , . , . ..... ... : ..... ... 








Duluth , . . . . . . ^ ............ . . . . 

Saint Louis. .............. . . ... . . . . . . ... 




2,05.5,547 
161,140 
822,434 

3,111,263 


Other points ... . .................. . ... ... 






44,549,9fV3 
40, 451, lis 
l'3,464,77f) 
20,731,911 
i0,577,54Ji 


13,588, 611 
9,121,508 
13,601,309 
16,894,326 
8,407,247 


T0tari884 

Total 1883 = 

Total 1883 





(h) EEQUIREMENTS. TO SEPTEMBER 1. 



The natMal requiremeiits for consump the actual exports 

(including flour as wheat) are as follows : 



Years. 


Consumption. 


Exportation. 


Aggregate. 




Bushels. 
84,Oi'JO,000 
82,000,000 
80,000,000 
81,000,000 
70,000,000 


Bushels. 
51,000,000 

27,m,m 

43,0W,0C0 
31,000,000 
51j000,000 


Bushels. 
135,000,000 
109,000,000 
122,000,000 
112,000,000 
130,000,000 













The wheat exportation, in this statement is largely taken from the 
new crop in July and August, complicating the exhibit which the 
resolution requires,, and accounting for the apparent (but not real) 
trenching upon the stocks reported above. For instance, in 1882, 
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after the short crop of 1881, the exports of July and August were 
nearly three times as much as those of May and June. 



Months. . 


Wheat. 


Flour. 


Total. 




Biisliels. 
5,336,253 
4,406,370 
10,484,546 
20,900,223 


Barrels. 
434,144 
474, 023 
493,226 
095,525 


Bushels. 
7, 289, 901 
6,539;4S2 
12, 699,563 
24,030,085 




July .. 






41,127,392 


2,095,920 


60,559,031 





More than half of this exportation was froimthe new crop, and at 
least an equal amount went into home consumption, to eke out old 
crop deficiency. 

The following table gives the production and distribution of five 
years, showing the year's consumption and actual exf)orts, and a dif- 
fere3ice of 14,000,000 bushels for other use than as food, loss or waste, 
or surplus; 



Years. : 


Production. 


For food. 


For seed 


Exportation. 


Total distri- 
bution. 


1883..... 

im. .......... 

Average . 


Btishels. 

383,280,090 

504,185,470 

421,086,160 

512,763,900 

357,112,000 


BusJiels. 

235j249,812- 

255,500,000 

259,500,000 

265,000,000 

271,000,000 


Bushels. 

55,315,573 

52,770,312 

54,683,389 

55,266,239 

51,474,906 


Bushels. 
121,892,389 
147,811,316 
111,534,182 
133, 570, 367 
94, 505, 794 


Bushels. 

412,857,774 

456,081,028 

435,717,571 

453,836,606 

417,040,700 


2, 178, 427, 620 


1,286,249,812 


269,410,419 


608,374,048 


2, 164,034,279 


435,685,524 


257,at9,062 


.. 53,882,084 


121,674,810 


432,806,850 



; This would indicate that the surplus on September 1, with average 
receipts from the new crop, will exceed that of 1881, when the visible 
or commercial supply was about 20,000,000 and the invisible probably 
a full average. 

CORN. 



The visible stocks of corn are given with those of wheat. The re- 
quirements of four months to September 1 in any year are a very flex- 
ible factor in crop consumption, which is itself so variable, rang- 
ing from 1,200,000,000 to 1,800,000,000 bushels, with bad and good 
crops. There are so naany partial substitutes for corn as a stock- 
feeding material that there can be no fixed or absolute requirement 
for a given period. The crop of recent years, the stock remaining 
March 1, and the exportation of the year are sufficient indications of 
comparative supply during the period: 



Year. 


Crop. 


Stock March 1. 


Exportation. 




Bushels, 
1,617.000,000 
1, 551 ; 000,000 
1,795,000,000 
3,936,000,000 


Bushels. 

587,000,000 

512,000,000 

675,000,000 

773,000,000 


Bushels. 
42,000,000 
46,000,000 
53,000,000 
65,000,000 
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: g.— PRESENT AOBEAGE. 

Tbe estimated acreage of winter wlieat now growing, and of spring 
wlie^^bt sown, or to be sown (tlie latter from data not sufficiently fnll 
on the 1st of May to determine witli precision)/ in comparison with 
the area haryested in fonr preceding seasons/ is as follows: 



Year. 


Winter. 


Spring, 


total. 




Acres. 
24,727,087: 
22,148,543 
28,345,708 
26,411,928 
27,477,230 


Acres. 
11,800,000 
12,040,703" 
11,130,177 
- 10,-043, 565 
9,589,964 


Acres. 
36, 527, 0S7 
: 34,189,246 
39,475,885 
30,455,593 
37,067,194 









The estim.ate for spring wheat of the present year is obviously sub- 
ject to reYision^ as the sowing was not entirely completed on the Ist 
of May. Dakota is assumed to have hve-sixths of its proposed area 
(2^4:00^000 acres) seeded at that date. Minnesota reports indicate some 
decrease of area. . 

The acres of former years are those harvested. In 1883, and very 
notably in 1885^ the acreage seeded was larger than the figures above, 
■being reduced by extensive sub of other crops for wheat de- 

stroyed by the freezing and thawin^^^ 

The m present Gonsumption will be met by a breadth 

of 27,000,000 acres with an average yield, leaving about 9,500, OOOV 
acres for the prodriction of wheat tor export^ sufficient to produce, 
with an average yield, 114^000,000 bushels/ A large yield like that 
of 1884 wotild allow 150,(X)0>^^^^ exportation. 



The requirements of European demand can be better indicated by 
; a statement of the average production and consuniption for a period 
of years, in connection with the latest facts of product and supply. 
V A collection of the facts of production between 1874 and 1881, so far 
as obtained for consecutive years, makes the average production of 
Europe 1,144,000^000 bushels; the consumption^ in food and seed^ 
1,B12> 000, 000 bushels, requiring a supply from other continents of 
168,(H)0,000 bushels. ; / 

The rate of European consumption, though varyjjig from a single 
bushel in Korway to 9 in FranGe/ averaged (very nearly) 4 bushels 
per capita or bushels exclusive of seed. 

The rate of yield in the last five years has been laarger than for eight 
years preceding,, upon a sotQewhat larger area; so that the average 
product, as shown by a collection of data more nearly complete than 
is often presented in similar statements, makes an aggregate produc- 
tionof 1,210,000,000 bushels; an increase of about 66,000,000 bushels. 
There is a small increase of population and some advance in rate of 
consumption, yet some jDortion of the former European deficiency is 
provided for at home, reducin^^^ to be obtained from 

America and elsewhere, and also aiding slightly in the reduction of 
the price of wh^at throughout the worM. • 

The following table gives, as far as possible,, the official returns of 
the product of the last five years in all the countries of Europe, and 
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is corrected^ as far as possiHe^ by official retons rec 
matter was prepared, modifying sligMly the figures for 1885 and 
the average. It shows that 1881 and 1883 were years of average 
yield, those of 1882 and 1884 seasons of large, and that of 1885 one 
somewhat ahdve the medinm productiGn. The average of all is 
1, 210, 000, OQG bushels. 



Production of wheat in Europe from 1B81 to 1885^ inclusive. 



... -. -_ 
GoiiiitrieS. 


1885. 


18S4. 


±883. 


1882. 


1881, 




JBiisliels. 


Bushels. 


Bushels. 


Bushels. 


Bushels. 


Austria 


48,281,992 


4S, 814, 746 


37,871,261- 


44,548, 149 


41,167,716 




113, 603, 460 


107^208,499 


90,541,782 


131 , 746, 87& 


88,889 962 




It*, 573, 930 


22' 700, 000 


16,045,666 


24,990'030 


14^7821229 


DenHiarfe 


5,000,000 


4,000,731? 


4, 082,130 


4, 554,284- 


3,103,923 


France, . ...... . . . .- . ... . , , . .... 


311,733,033 


324, lil0,.397 


;g84,400,346 


346, 610, 624 


274,699,385 


Gemaay 


95, m, B31 




. 86,370,000 


93,S23,048 


75,660,351 


Great Britan and Ireland ....... 


8;3,081,a32 




-- 72,7m,i)21 


91,381,503 


82. 635, 679 


Greece.. 


5, 102,894 




- *5, 103, 894 


*5, 102, 894 


*5;i02,894 




118,244,589 


115,500,000 


-124,411,748 


155, 012, 168 


100,708,461 


Netherlands .................... 


4,9G5,()25 


5,892,079 


5, 028, 643 


5,439, 4S8 


4,704,575 




7,661,250 


7,093,780 


8,512,500 


7, 200, 000 


9, 000,000 


Roiimania , ... . 


22, a^!0, 063 


so; 887, 000 


20,0tt;>,000 


30, 000, 000 


25, 000, 000 




177, 929. 544 


266,711,073 


218, 816, 360 


202,907,730^ 


265,131,340 




4, OS] , 875 


6, 242, 500 


4,500,000 


6,810,708. 


*4, 250, 730 




113,500,000 


90.3:12,500 


120,000,000 


85,134,600 


*119,188,440 


Sweden . , ...... . . ..... i ... . , . . . . 


3, 916, 601 


S,B2i?,8&7 


3,107,304 


3,792,884 


2,222,845 


Switzerland * . , . . . . . . . 


- 2,-057,183 


*2, 128, 125 


*2, 128, 125 


*2, 128, 125 


*2, 128,125 




45,400,000 


42,562,500 


38, 887, 500 


*40,867,200 


*40,867,200 




*567,500 


.*567,500 


*567,500 


*5§7, 500 


*567,500 


Total 


1, 183,6^7, .^'53 


1,270,324,880 


1,153,951,680 


1,2S3,617,88(> 


1,169,816,385 



^In the absence of ofScial of reliablfr statistics for this year an average prodnet is gfveii. 
t Exclusive of tbe Vistula GGVernments. 



This statement shows that the average production of Europe during 
the past five years has been increased some 50,000,000 bushels over 
the average of the ten years preceding, which included several seasons 
of unusually low yield in Western Europe. Those exceptional years 
were the ones in which American exportation ran abnormally high^ 
and that extraordinary demand led to an increase of millions of acres 
of wheat in this country, and to further enlargement of area in Rus-. 
sia, India, Australia, and South America. This furnishes a sufficient" 
explanatian of the present plethora and low prices. 

The crop of 1885 in Europe was nearly equal to the average of five 
years, whilethe one preceding was much largerin Europe and in Amer- 
ica. The average production of the last five years in the XTnited States 
was 4M,000, 000 bushels; of the ten years preceding,- some of which 
supplied the heaviest demand for exportation ever known, 338^000,000 
bushels. Thus the increase is at least 148,000,000 bushels, while the 
increased population from 18?5 to 1883 (say 18^000,000 in Europe and 
10,000,000 in the United States) would demand nearly that quantity. 
It is not true, then, that the comparative supply is less than formerly 
from the home product of these great producmg countries. And the 
increase in other quarters, in Canada, Mexico, India," South America, 
and Korth Africa is probably an average of 7,000,000 acres, with an 
average increase of product of 63,000,000 bushels, two-thirds of which 
is available to enlarge the commercial supply. This explains why 
our exports have averaged 122,000,000 bushels for the last five years^ 
when for the three years preceding the average was 171, 000, 000 bushels. 

The product of the world for 1885- 86, harvested in 1885 in the 
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iK)rtliem liemispliere and in t]iB early months of 1886 in the sonth- 
ern, may be stated as follows: 

Bushels. 

Europe . ............. , . ............. . . 1, 184, 000, 000 

North America . . .... . ... .... .... . . . ... . . . . 409, 000, 000 

South America ....................... . ... ...... . . ................ 25, 000, 000 

India...;...;....*,...................,........ 287,000,000 

Australasia 37, GOO", 000 

Africa and Western Asia. ...... . . ..... . .... .... . . . . . .... ........ . . . 184, 000,000 

Total... ..........................V.....;^ 2,076,000,000 

The product of Algeria, Egypt, Asia Minor, Persia, and other dis- 
tricts included in Africa and Western Asia, is stated on commercial 
aiithbrity, and cannot be vouched for as accurate. Most of the other 
estimates which make the aggregates of this statement are official. 
The grand aggregate of 2,076,000,000 bnshels does not represent ab- 
solutely the whole production of the "world, as China and Asiatic 
Russia are not considered (the latter credited with only four or five 
million bushels), as the quantity is uncertain and has no bearing 
upon the commercial supply of Eui^ope. 



(Z>) COMMERCIAL SUPPLY. 

Tlie ordinary method of forecasting demand by an exhibit of com- 
mercial stocks is unreliable, if not misleading. A large accumulation 
of stocks may be strong presumptive evidence of large crops, yet the 
visible supply is not necessarily in proportion to the invisible; nor 
are the commercial sales of a period an infallible measure of the actual 
.consumption of that period. For instance, the receipts of foreign alnd 
native wheat in the markets of Great Britain for thirty-six weeks up 
to May 1, 1886, were 72,149,660 cwts. against 84,805,000 cwts. to May, 
1885; and to May 1, 1884, they were 76,230,000 cwts. against 87,970,000 
cwts. for a similar period of the previous year. The crops of the 
world for 1882 and 1884, as shown above, were very large, and the 
market movement of these years was heavy, but the invisible remain- 
der was larger proportionally than the visible supply, and contrib- 
uted to a reduction of prices in succeeding years, while the fullness 
of visible stocks of those years limited the demand for consumption in 
the seasons following. - _ 

In view of these considerations, it has been deemed best to ascertain 
the actual production of the world and the normal consumption of 
the principal consuming countries, to afford an indication of the real 
supplies available, both in the hands of producers and in the world's 
markets. The absurdity of reliance on stocks alone is shown by the 
fact that the averagestocks of Great Britain on the 1st of April for 
six years past have not been eqnal to three weeks' consumption, and 
they have sometimes been largest when taken from a medium crop. 

The statement of production above shows that the year 1884 was one 
of large yield everywhere, and that 1885 had an average product in 
Europe, a large yield in India and Australia, and a small crop, in the 
United States. The following table gives in round numbers the pro- 
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cluGt of 1885 (without reference to surplus of previous years) and nor- 
mal requirement for coimimptioii: 



Countries. 


Grop 1885. 


Consumption. 


Surplus. 


Deflcienoy. 




Bushels. 
162,000,000 
20,000,000 
5,000,000 
- 313,000,000 


Bushels. 
144,000,000 

38,000,000 

3,000,000 
343,000,000 
117,000,000 
22.5,000,000 

10,0<X),(X)0 
130,000,000 

12,000,000 

18,000,000 
14^1,000,000 
3,000,000 
114,000,000 
6,000,(X)0 
11,000,000 
40,000,000 


Bushels. 
18,000,000 


BusheU. 




18,000,0«) 




2,000,000 




31,000,000 
21,000,000 
143, 000,000 

5,000,000 
18,000,000 

7,000,000 




96,000,000 
82,000,000 
5,000,000 

ii8,ooo;a)o 

5,000,000 

23,000,000 
178,000,000 
. - 5, 000. 000 
- 114,000,000 
4.000,000 
2; 000, 000 












Italv... 














5,000,000 
34,000,000 
2,000,000 


















1,000,000 
9,000,000 








5,009,000 






1,1&1,000,000 


. 1,372,000,000 


66,000,000 


254,000,000 



The summary of product of 1885 and net consumption of 1885- 86 
is thus stated: 



Geographical division. 


Crop. 


Con-sumption. 




Busthels. 
1,184,000,000 
409,000,000 
2o, 000, 000 
_ 287,000,000 
37,000,000 
134,000,000 


Bushels. 
1,372,000,000 
364,000,000 
23,000,000 
2^10,000,000 
20,000,000 
125,000,000 
21,000,000 
















3,076,000,000 


3,165,000,000 





With medium to large yields in nearly all countries in the world, 
the United States excepted/ the apparent deficiency of production is 
oiily 89,0005000 -bushels, ^ in 1884 the excess over this require- 
ment of coiisumption was at least 135,000,000 bush^^^^^ 



4.— EUROPEAN STOCKS ON HAND. 

The stocks on hand in Great Britain of both wheat and corn April 
1, for the last five years, have been as follows (in Liverpool, London, 
Fleetwood, Gloucester, Bristol, Hull, Newcastle, West Hartlepool, 
Glasgow, and Dublin), calculated in Winchester bu^^ 



Years. 


Wheat. 


Com. 




14, 146,265 
8,164,794 
17,031,889 
10,310,975 
7,050,065 


1,061,228 
1,060,254 
1,654,377 
1,375,742 
1,218,885 




ias4 . ..................... ............................. ... — 
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Stoelts in Paris at tlie same date in 1886 BligMly exceeded 3,000,000 
bnsliels. Tiey were about 3,000,000 bnsliels April 1, 1885, and nearly 
6,000,000 ImsKels April 1,1884^ : ■ 

Recoi'ds of otlier continental markets are not complete, but stocks 
are generally small and differ little in qnantity from ttose of a year 
ago. ; ; 7 

Tliere are no great reservoirs of stored wheat in tbese band-to- 
moutb markets/ Stocks represent the consnmption of a fraction of 
a months bence a statement of stocks on band, except in tbe United 
States, is of little ntility. In Enssia and Sontbeastern Enrope tbe 
reserYes are invisible, and in good years tbe distribntion is muck 
slower tban in tMs country, and liable to go over to succeeding crops. 

The amount on the water from all parts of the world is a somewhat 
larger consideration. The British trade records, May 1, made in 
round numbers the quantity of wheat and flour ''on passage" 
17,000,000 bushels against 25,000,000 bushels at the same time last 
year. French calerilations made the total coming to Europ 
bushels against 30,000,000 bu^^ 

CDmparing stocks oil band (greater in Great Britain);, in connection. 
- witii grain and flour en route by sea, there appears to be a small de- 
cline, but not exceeding a few million bushels, ]jerhaps not exceeding 
two days' consumption of Europe, in comiDarison with the stocks of 
last year. 

In the first months of 1886, to May 1, the importation into Great : 
Britain has fallen off one-third, or 15,000,000 bushels, as compared 
with the same months in 1885. With this reduction, the proportion 
contributed by the United States amounts to 16,000,000 bushels, in- - 
eluding flour ;as wheat, or 52 per cent, of British imports. India, in 
these four months, sent over 11,000,000 bushels, and Russia nearly 
5,000,000 bushels. A comparisonof the four months of 1885 and 1886, 
to April 30, is as folio w:s: 



Frpin-7 


_ 1885. 


1886. 


Russia ... . , — . . ... . . -v • • • . • • .......... . . , . . — 

Germany . . ...... .-- . ... 


Bushels. 
591, 101 
'990,138 
258,600 
66,302 
143,655 

9 118,404 
10,318,601 


Bushels. 
3,579,696 
1,343,864 
148,988 
134,417 


Roiimania - r • • ■ 


United States : - 


3,887,191 
5,639,349 

296,804 
6,577,751 

357,118 
59,334 

753,275 


Australasia . . . .. . ........ :. ., 

Britisii North America ................ .\r . ................ ^ ......... . . 

other countriea, — ^ . . . 

Flour as v/heat . .■ . . 


- 'Q0,.569 
4,787,507 
1,480.530 
CiS; 902 
680,973; 


31.599,281 
14,373,236 


21,779,277 
8,825,334 


45,972,507 


30,604,611 





While the importations of 1885 gave an excess over consumption of 
about 10,000,000 bushelsv tlie^e is a deficiency since January that more 
than overbalances it. 
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- . § — THE COMINa CROPa V 

(a> WHEAT. - 

Th© supply of the commercial year 1886-'87 is to come from tlie crops 
already harvested in the southern hemisphere and in India, and those 
to to harvested during the next four months. The crop of India, grown 
on an area reduced ahout one and three-fourths million acres, may 
have yielded 265,000,000 bushels. The Australasian crops are greatly 
reduced, and from present information will not exceed 22,000,000 
bushels. Those of South America are somewhat larger than last 
year, how much is not yet known, but are not likely to increase the 
product more than 5,000,000 bushels. From present information it is 
fair to estimate a decrease of 32,000,000 bushels from the aggregate : 
of last year s production in the districts already harvested. 

The harvests of the northern hemisphere, in progress from the pres- 
ent time to October, between 30° and 60° north latitude, brit mostly 
in July, and August, cannot now be foretold. With a continuance of 
present conditions the product of winter wheat will exceed an aver- 
age and produce nearly or quite 13 bushels per acre; and with spring 
wheat, on an area equal to the breadth of last year and average con- 
dition of growth, a total product of about 465,000j 000 bushels should 
be expected. This would give a crop of 108,000,000 bushels larger 
than that of last year, 

In Europe, the area of wheat in Great Britain has been reduced 8 
to 10 per cent/, which means only 7,000,000 or 8,000,000 busheils at 
best. In Franco the breadth is apparently as large as that of last 
year, There is ixa indication of any material change in the acreage 
of Europe,^ probably be about 94,000,000 acres, and pros- 

pects are good up to the present date for a product equal to that 
Df last year--l|iS4j 000,000^^^^^^^^ the course of the season 

may yet cause a variation of 50,000,000 bushels abov© or below this 
figure. The present average^ yield of Europe, as a whole, is only, 
about 13 bushels per acre, while that of the u nited States exceeds 12 
bushels. / 

It is a mistake to assume that the breadth of wheat of Europe has 
recently been declining. There has been a marked increase in Russia, 
as ill this country, ixi India, Australia, and South America, There 
has been some increase in Hungary, Grermany^ and France since 1880. 
The acreage of the following countries is given for five consecutive 
year$i : ■ . 



Countries. 


1886, 


1884, 


1883". 


1882. 




Hungaiy.^ . ._. ...... 


2,326,115 
6,773. 8&9 
17, 220, 553 
5,000;000 
2,553,092 

205, m 


S, 735, 597 
6,7a5,019 
17,426,038 
4,741,730 

319493 


3,610,903 

16, 812, 242 
4,741747 
-2,713, 382 
214,040 


2,511,308 
6,161,273 
17,069,154 
4, 498, 83G 
8,108,899 
, 229, 4B1 


2,455,276 
6,260.558 
17, 195; 071 
4,488,595 
2,967,059 
219,200 




34,078,6^: 


34,668, 165 


33,530,802 


33,633,950 


33,5&7,059 



The averages of yield in the&e countries range from 15 bushels in 
L^ustria-Huugary to 28 in Great Britain, and the average of all for 
ive years is nearly 19 bushels. Russia has an area of nearly 31,000,000 
^;Oraa, and yields scarcely 8 bushels per acre. Other countries have 
in aggregate of about 29,000,000 acres^ and produce an average of 11 
?r 12 bushels per aem 
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The area planted in wheat, and now harvested or growing, is prob- 
ably very nearly as follows: 

Acres. 

Europe 94, 000, 000 

North America 40, 500, 000 

South America 6, 000, 000 

India 26, 000, 000 

Australasia 3,500,000 

Africa and Western Asia 13, 000, 000 

Total 183,000,000 

The average yield of the world is a fraction above 12 bushels 
per acre, and the good and bad seasons, irregularly distributed geo- 
graphically, equalize {production in a large measure, so that the 
yearly average rarely rises or falls half a bushel from the normal 
average for a period. 

(6) CORN. 

As this country now produces three-fourths of the corn of the 
world, and has 'averaged for five years a product of 1,619,000,000 
bushels, and exported only an average of 56,000,000 bushels, or 3^ 
per cent. , and would readily have doubled the exportation without 
missing it, it appears almost frivolous to give stocks in the commer- 
cial markets which rarely show more than 1 per cent, of the produc- 
tion at one time. The stocks in this country and Europe, however, 
are found above in connection with wheat. 

The principal buyer of maize is Great Britain, and in the last five 
years the purchases have averaged 58,000,000 bushels per annum, of 
which this country has contributed 36,000,000 bushels, or 62 per cent, 
of all, without counting that going through Canada. Roumania, 
Russia; Turkey, and Egypt always furnish a small amount. 

Except in this country and Mexico maize is a minor product, and 
is produced in countries which are not generally advanced in crop- 
reporting methods. It is somewhat difficult to give the exact status 
of acreage and product, but the following table is the best attainable 
approximation. It is for the year 1885, except as indicated by notes, 
for certain countries making only occasional returns of production 



Countries. 



Acres. 



Bushels. 



United States 

Canada 

Mexico 

Russia* 

Roumania t 

Austria-Hungary t 

ItfJyS-; 

France t 

SpainS 

Portugalir 

Total 



130,150 
200,000 
600,000 
361,000 
423,000 
458,757 
340,261 
523,787 
300,000 
284,960 



936, 176, 00( 
, 6,000,00( 
Sl3,000,00< 
70,224,00* 
43,000,00( 
105, 640, 8H 
75,645,85' 
27,089,97' 
37,378,38: 
20,288,12 



114,521,915 



2,535,043,15 



'Average acres of 1870 to 1879; product 1879. 
t Average production; acreage 1881. 
$1884. 



Average product; estimated acreage. 
^Average product (Neumann-Spallart). 



There is a small area of maize in several countries of South Amer 
ica, and a little grown in the more northern portions of Germany 
and in some unenumerated districts of Southeastern Europe, in Al 
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geria^ Egypt, Australia, and at the Cape of Good Hope. In round 
numbers me present area of maize may be approximately at 

120,000,000 acres, and the product at 2,600,000,000 bushels, making 
an average product of about 22 bushels per acre. 

DEBTS OF FARMERS. 

There are now about d,OOQ,000 ovmers of farms. A million of 
new farms have been acquired since 1880. Many of the 4,000,000 
then in cultivation have since changed hands. Hundreds of thou- 
sands of these are owned by you.ng men and others who never before 
tilled lands of their own, and who commenced Imsbandry with small 
means, little more than health, energy, and determination to succeed. 
Necessaril;^ indebtedness ha,s been incurred in many of these cases, 
in purchasing old farms, in stocking farms already paid for, or in 
fencing and building upon lands obtained from the Government un- 
der the homestead act. To such as commenced jndicionsly, with a 
full knowledge of the responsibilities involved, and with will and 
industry commensurate with the burden assumed, a mortgage may V 
prove a blessing. It represents capital, without which the business, 
of farming cannot be undertaken or its products and profits be se- 
cured. It enables a poor but capable and industrious young man to 
secure a home and a profitable business, laying for it in easy install- 
ments; but it becomes a withering curse when it makes prodiiction 
dear and dif&cult, consumes a crop before it is made, and renders in- 
idebtedn^ss hopeless. 

The system of advances by merchants or brokers upon growing 
crops is especially dangerous and disastrous. - It is not usually a preva- 
lent practice, except in districts where a single crop dominates rural 
industry and bring;s ready money at any time, rendering borrowing 
easy and encouraging the habit of spending before earning. It has 
been. x>revalent from time immemorial — at least for forty years from 
personal knowledge of the writer— in the cotton States. 

ISFo jjroduct of agriculture is more surely a money crop in any part 
of the world than cotton, and none more promptly traverses the ways 
of eommerce. It has therefore become (with perhaps one principal 
associate— maize) almost the sole product of large districts of , coun- 
try, rendering necessary the purchase abroad of s^^ of all kinds, 
agricultural and industrial, and their original cost, long-distance 
transportation,, and wholesale and retail profits render them exceed- ■ 
ingly expensive. It is selling the cheapest cotton in the world and 
buying all supplies at enormous prices— a practice with which only 
fertile lands, abundant crops, and persistent industry can save from 
bankruptcy. 

It is a matter of congratulation that the burden of debt is decreas- 
ing, and is in fact relatively less than it was ten years ago! An in- 
vestigation made by State statistical agents, undertaken to show the 
actual and Gomparative condition of f armers as to indebtedness, affords 
evidence of gradual amelioration, decrease in number and amount of 
farm mortgages, and in advances by merchants in those regions where 
such practice prevails. The inquir^^ was first made in the cotton States; 
afterwards in the Ohio Yalley, and in New York and Pennsylvania'. 
In the Eastern States, where no such inquiry has yet been instituted, 
the farmers are not burdened very much with debt, while many of 
the more prosperous hold mortgages on farms of the distant West 
and other farms of V/estern property. In the newer States west of 
27 AG— '88 - 
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tte Mississippi tliere is far more general indebtedness than in the cen- 
tral district east of that river. : FtirtheT inyestigation in that region . 
and on the Pacific coast is contemplated. 

To give a better idea of the state of farm-making and land develop- 
ment in the States reported on the f ollowing table is presented, show- 
ing the number and sizie of farms, amount of land held, and propor- 
tion unimproved; according to the last census/ in the States included 
in these investigations: 





Number of farms. 


Land tQ farms. 


Averag-e size 
of farms. 


Per cent, 
unimproved. 


1880: 


1800. 


1880. 


1860. 




1860. 


1880. 


1860. 








jicres. 


Acres. 


Acres. 


Ac7'es. 






New York . . . : . . . ... . . . 


- 241,0.58 


198, 990 


2&, 780, 754 


SO, 974, 958 


m 


106 


25. 5 


31.5 




213,5-13 


156,357 


19,7&1,341 


17,012, 140 


93 


109 


32.2 


38.5 
38.3 




2-47,189 


179; 889 


.2i, 529, 226 


20,472,141 _ 


99 


114 


26.3 




154,008 


63,432 




7.030,834 


90 


113 


39.9 


50.5 


Kentucky. . . ... . . . . . . . . . . 


lf>a,453 


90,814 


21,495,240 


19,163,261 


129 


211 


50.1 


60.1 




131,826 


20,420,083 


16,388,292 


105 


124 


31.8 


49.7 




955,741 


"143,310 


31,673,645 


20,911,989 


124 


146 


17.5 


33.6 




S15, 575 


93,793 


27,879,276 


-19,984,810 


129 


215 


39.9 


68.7 




138,561 


10;400 


21,417,4(53 


1,778,400 


155 


171 


. 49.9 


77.3 




- m,m7 


■ 2,789 


9,944,fi36 


631,214 


157 


226 


44.6 


81.2 






- 75,-203 


22, 363,553 


23,762,969 


142 


316 


71.0 


72.6 




93,804 


33, 171 


13,457,613 


16,195,919 


143 


488 


69.3 


71.8 


Florida 


23,438" 


6, 568 


3,297,324 


2,920,228 


141 


444 


71.3 


77.6 




135, (i64 


m 


18,855,334 


19,104,5-45 


139 


346 


66.2 


66.6 




101,772 


m,m 


15, 855, 462 


15,8;yj,684 


155 


370 


67.1 


68; 0 




48,292 


17, m 


8,273,506 


9, 298, 576 


171 


536 


66.9 


70.9 




174,184 


- 42,891 


36,292,219 


25,344,028 


■ 208 


591 


. 65.1 


89.5 




94,433 


39,004 


12,001,5-47 


9,573,706 


128 


24S 


70.2 


79,3 



: The poiius of greatest sighificance in this table are the small pro- 
portion of unimproved land in the Ohio Valley;, less than three-tenths 
of the area, and the great reduction in size of farms in the cotton 
States and increase of their number. The latter fact is due largely 
to the renting of old estates on shares or otherwise to several tenants 
who reporfc separately, maldng the to of farms far more than 
the number of proprietors. There is no immediate prospect of a 
change of this system, though the individual tenants hold by a very 
uncertain tenure. The tendency will, doubtless^ still be strong 
towards subdivision of lands, both by sale and rent. 

. ":NEW'Y0BK.. . 

The result of the investigation in Nov/ York shows that three-tenths 
of the farms are mortgaged, and that one in twenty of the farm pro- 
prietors is hopelessly in debt, if the estimate, Vy^hioh is based upon 
extensive information, is reliable. The interest is ample, but not 
excessive, averaging, as is assumed, 5^ per cent., though the legal 
rate is 6 per cent. Mortgages ran to neighboring farmers and aner- 
chants and to insurance and trust companies. It is thought that one- 
tenth of the farm-owners are possessors of other forms of property. 
It is doubtless true, in many localities, that the value of such prop- 
erty is fully equal to the amount of indebtedness of less prosperous 
farmers. : The State agent says:; " 

In the best sections of the State th.e farmers are making money or holding their 
own, and are less in debt than ten years ago; while in the more unproduGtive parts, 
and those more easily affected by drought, there has been a considerable increase, so 
that on the whole farmers are more in debt than they were ten years ago, but the 
average indebtedness is not heaTy, Thereare a large number of faarms, which were 
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purchased a few years ago and mortgaged, wMcii now v/ould not sell for more tlian 
tlie face of the mortgages, owing to the depreciation of the farming lands, which 
on an average is fully 33 per cent, in ten years. Probably one-third of the farms 
in the State would not sell for more than the cost ot the "buildings and other im- 
provements, owing to this shrinkage. Real: estate in New York is burdened with an 
undue share of taxation, while personar property escapes almost entirely. The 
farmer pays the tax on the property represented or covered by the mortgage held 
by the capitalist, which is a great wrong. The average income from farms over 
and above expenses will not exceed 3^^ per cent, on the capital invested. The wages 
for farm help have been for several years 33 per cent., more than the business could 
bear. In many instances the employes make all there is made on the farm. The 
current rate of wages asked by common farm help, by the day, for ten hours' 
service,atany time: during the year, is $1, with board. The diversified farm industries 
ill New York have prevented general disaster, and not more than 5 per cent, of the 
farmers are insolvent. 

Thirty per cent, of the farms in the State are mortgaged, ranging from 2 per cent, 
of their value to 100 percent.; average 66| per cent, of estimated value. These 
securities are held by retired or more successful farmers, merchants, savings banks, 
and insurance companies. The latter, with long time and safe investments, will 
loan moneys with 3 and 4 per cent. The rate for the others is mostly from 5 to 6 
per cent. Jn some instances, under the requirements of former contracts,. the. old . 
legal rate of 7 per cent, is still paid. The average rate of interest is 6. 5 per cent. , 
which is i per cent, less than the nbw legal rate. Twenty per cent, of the farmers 
have property interests outside of theii' farms, mostly in the form of money de- 
posited in savings banks, mortgages, and notes. It is natural for a farmer to invest 
his surpluses in lands, and not more than 5 per cent, have property as capital in 
other forms of business. No class of people labor more hours in a day than farmers, 
and none have the same opportunities for an independent, healthful, and hapiDy life. 

^- :/ PENNSYLVANIA. ■ 

; The indebtedness of farmers of Pen-nsylvania^ it is believed^ lias 
decreased as compared witli ten years ago. It is estimated that not 
more than 15 per cent, of the farms are mortgaged. The aYerage 
interest rate is about 5 per cent. Many farmers have property in 
other branches of bnsiness and farmers themselves hold in part' the 
indebtedness of other farmers. With an average value of farms,: 
according to the last census^ of almost $50 per acre — nearly $1,000,- 
000^000, or about one-tenth of the farm valiiation of the United 
States — owned mainly by the farmers cultivating them, and yielding 
a prodiict worth 1431 for each person engaged either as farmer or 
laborer in agrionltnre, the agricnltiiral interest in Pennsylvania may 
be said to be prosperous, even in the present era of low prices. Of 
course there are some who occupy positions of hardship and difiB.- 
culty, The source of this prosperity is found in the local markets 
of the State. It is probable that no other State is more nearly self- 
supporting, and perhaps none that depends on other States or other 
countries so little either in buying or selling products of agriculture. 
The State agent says: 

It is extremely difficult to ascertain the pecuniary condition of the farmers of this 
State, for they are afraid that any statistical information they give wiir be used for 
purposes of taxation. The tax law passed two years ago required a statement, on 
oath, of all bonds, stocks, notes, and mortgages; and the amount of money so in- 
vested by farmers caxised great surprise; yet there was a great deal of evasion and 
suppression, and no less than twelve counties failed to report any money at interest 
when the triennial assessment was made in 1885. 

From Lawi'ence County I get the definite information that the condition of the 
farmers is worse than at any time since the war ; and that there are $300,000 of mort- 
gages and $150,000 of judgments against the farmers of that county. I find that the 
assessed value of the real estate outside of cities and boroughs is $10,159,069; and it 
is probably assessed at less than half its value; but supposing i^ to be assessed at its 
full value, the indebtedness in the two forms is less than 4| jjqt cent, of the value of 
the property. This is the worst report I have received. 
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Probably 25 per cent, of the farmers are in debt ; but not more than 5 per cent, 
hdpelesslj so, or to a greater extent than their cred^^ 

Probably 15 per cent, of farms are mortgaged, 50 per cent, of the debts being to 
other farmers or retired farmers, other heii's or legatees; and the remainder to bank- 
ers, merchants, insurance companies, and machine and agricultural-implement 
makers. _ \ / 

About one-third of the farmers have shares in incorporated companies, bonds of 
the State and United States Government , and of counties and municipalities, and of 
raihoad and other companies, town lots, Western lands, notes, mortgages, and judg- 
ments. 

- The indebtedness of farmers has been incmTed for, first, purchase money, in many 
instances one heir to an estate taking the farm and paying the others their shares. 
In other cases a farm passes, at the owner's death, into the hands of a person not re- 
lated. Sales are also made by farmers desiring to move to some other State by those 
who wish to change their business, and by the sheriff. Second, for improvements 
on the farm, such as buildings, draining, and for improved live stock, and for im- 
proved implements. 

KENTUCKY. 

The farmers of Kentucky are attached to tlieir homesteads^ and 
hold their lands with consiaerable tenacity. There are fewer small 
farms than in neighboring States, the average heing 120 against 99 in 
Ohio/ and less subdivision and farm-making, consequently fewer be- 
ginners and borrowers on land security. It is estimated that scarcely 
more than one-eighth of the farms are mortgaged. The interest rate, 
however; appears to be high, as the average rate is estimated at 7 per 
cent., showing that money for investment is not very plenty. The 
investments of farmers in other property is not extensive, nor is there 
much capital obtained from other States for loans to farmers. The 
State agent says: 

"While for the last two or three years the farmers have made but little money, yet 
taking them throughout the State they may be said to be in a fairly good and healthy 
condition, and this in the face of the facts that the wheat crop before the last Wtas 
almost a total failure, the last one, the best for years, mling as low as from 68 to 70 
cents per bushel; the tobacco crop not much more than quitting the cost of produc- 
tion> and the cattle-feeders realizing but small profits. The trulh is, nothing in Ken- 
tucky has paid well but fancy horses and hemp and hogs in two or three years past. 
Notwithstanding, the farmers are not depressed, and are living on expectation of a 
brighter future. The chief indebtedness is to capitalists or money-loaners, or loan 
associations, of necessity. The Kentucky farmers are a frugal set, taken as a whole, 
and cut their garments according to the cloth. If crops fail, or there is a failure to 
realize expectations in prices, they cut do^vn expenses as far as may be to meet the 
case. 

I mention a fact that you may solve on any theory you choose. The bankers say 
they have more unemployed capital on hand at this time than for years before, at 
the same time of the year, 

OHia 

In this State a decrease of indebtedness during the j)ast ten 3^ears is 
reported. It is estimated that one-fourth of the farms are encumbered 
by mortgages to secure debts to neighboring farmers and bankers, and 
to insurance companies and Eastern capitalists. The smaller debts 
are generally due on local loans. The rate of interest is averaged at 
7 per cent. There are a few farmers who have capital employed in 
other business. Ohio farmers are generally in good condition, though 
feeling severely the disappointment of low x^rices of certain staple 
products. The following statement is an extract from report of the 
State agent: 

While the indebtedness of Ohio farmers is no doubt v@ry general, it is very evi- 
dent from the county records that the amount of farm indebtedness is less thap it 
was ten years ago, and would be still less if taxation were more nearly equalized in 
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Mie State, Everytliing possessed by the farmer is in sight for enumeratlQn, and there 
is less evasion of taxation by the farmers than by any other class of citizens. The 
fanner, therefore, pays 7m full proportion of taxation and also a great portion that 
should be paid by speculators in stocks and mortgages and other personal and valua- 
ble effects, much of which is never returned for taxation. More equal taxation 
would enable the farmer to apply his excess, now paid, to a reduction of liis indebt- 
edness,, and a few years, at most, would see him free and independent of debt. 

The extent of farmers' property interests outside of farms is very limited. A few 
Ohio farmers have investments in Western lands and some in city property, but the 
surplusmoney of wealthy farmers rests, in many instances, in Government and other 
good securities. There are, however, but few such f ai*mers; most of them have only 
surplus sufficient to keep farm matters moving along. 

MICHIGAN, 

The inyestigation as to indebtedness of Michigan farmers shows 
that it is neither very general nor heavy, yet probably a third of them 
are somewhat involved in debt, a few seriously/ It is estimated that 
one-fonrth of the farms are mortgaged for varying amounts, gener- 
ally from one-fonrth to one-half their value. It is an indebtedness 
largely due to other farmers, and in less degree to merchants and 
bankers. The average rate of interest may perhaps be placed at 7 per 
cent., though in some cases 6 suiEces, while in the northern coun- 
ties 8, or 10 is paid by many debtors. There are many farmers in 
the southern part of the State who possess surplus capital in the 
form of notes, mortgages, bank and railroad stocks, and interests in 
manufactures. 

INDIANA. 

Indebtedness of farmers is decreasing in Indiana, and it is estimated 
that 10 per cent, are in debt beyond the amount of their credits. 
Mortgages are divided in the following proportion, as estimated: To 
Eastern capitalists, 35 per cent. ; to banks and manufacturers for 
machinery, 25; to secure payment of purchase money on land, 18; to 
school funds and local loaners of money, 22 per cent. It is estimated ; 
that farmers have property interests to the extent of one-fifth the 
value of farm property. The condition of Indiana farmers is there- 
fore by no means serious. The State agent reports: 

The demand for loans is less now than at any time for a period of seven years; but 
the amount of mortgages on record shows but slight diminution. The average in- 
debtedness, or the amounts for which mortgages are given by farmers, will average 
nearly $1,0()0. Although apparently there is less demand for large loans, and seem- 
ingly a better condition of money matters among farmers, yet there remains the fact 
that many of the farmers are victims of various swindling schemes, that have been 
so successfully worked in portions of this State (Bohemian oats, red-line wheat, &c.), 
and this class of indebtedness is much greater than the public are aware of. Yet 
another cause of distress among farmers is the inducement held out to them by agents 
of farm machinery of long time. Many are induced to buy, and are compelled to 
mortgage the farm to meet the notes when due. This cause has operated to produce 
80 per cent, of all the mortgages on record against farms, but not over 25 per cent, 
of the amounts. I should think that 20 per cent, of the local capital is the property 
of farmers. This includes what may be invested in town property or local securi- 
ties, manufactures, and gravel-roa,d bonds. 

ILLINOIS. 

The proportion of unimproved land is less in Illinois than in any 
other State. Farms are gradually decreasing in size and increasing 
in number. In the establishment of nev/ farms by yoimg men and 
others without capital there are many that are encumbered by mort- 



422 REPORT OF THE COMMISSIONER OF AGRTCULTURl 



gageSj large or sinalL These loans are held hy Eastern, capitalists^ 
and by banks/ maiinf actm^ers of fo^^ and local loaners 

of money. The rate of interest may slightly exceed an ayerage of 7 
per cent. The State agent says: V 

With regard to tlie indebtedness of the farmers of tlie State tliere is a diversity of 
Gpmion. It may be safely asserted ^ however, that their indebtedness is not very 
general nor very heavy, and that it iias gradually diminished within the last ten 
years. Probably 33 per cent, of the farniers are in debt. Mnch the largest part of 
their pecuniary obligations is for lands on which partial payments have been made 
on notes drawing from 6 to 8 per ceiiti iiiterest per annuna, and secured by mortgage 
on real estate. These mortgages are held mostly by Eastern capitalists, often by the 
representatives of largo msurance companies. Loans of this kind are usually made 
for five years on lands at from one-third to two-thirds of their cash value, and are 
obtained through loan agents in different parts of the State, who charge a commis- 
sion, making the cost to the borrower, including interest, from 6i to 8 per cent, per 
annum. ; . . : ; ' 

There is still a larger class of debtors, which inciuto farmers of smaller means 
than those mentioned, and also renters or tenant farmers. Most of their debts are 
to banks and merchants, chiefly to the latter, for such supplies as are ordinarily 
needed in families. These obligations are met, according as the parties agree, in 
thkty, sixty, or ninety days— in some instances runhkig six and even twelve months. 
Tliis class of indebtedness is seldom allowed to go beyond the ability of the party 
making the purcliase to pay. In case, however, of a failui'e to meet the payment 
when due, a chattel mdrtg%er«oa:, in of a tenant, a lien on his part of the crop, 
is given to the landlord , who assumes or pays the debt, or if not to the landlord, is 
given dhectly to the merchant himself . llecourse is seldom had to this mode of 
securing debts, as farmers as a rule so diversify their crops as to enable them to sell 
at almost any time aometliing from the farm to meet these recurring demands. Ad- 
vances are sometimes made by iandlords to tenants, but never, we think, at a greater 
fate of interest tl] an the legal rate, which is 8 per cent. 

The tax laid upon the agricultural industries of tlie State (and for which the 
farmers them.se] ves are most iit fault) by the difference between the cash price and 
credit price for goods purciia*ied of the merchants will probably equal 10 per cent. 

The number of -farmers having property interest outside or their farm^ we would 
not put higher than S per cent.; this would consist of bank stock, lands, town fots, 
within and outside the State, and live stock on the ranges of Texas, Wyoming, and 
^Eontana, - - : ' . 

■ ; / " 

The State agent of the Department mates a report, which shows an 
aYerage condition of indebtedness, with very little of the hopeless 
element in it an_d an existing tendency to improvement. These debts 
,are mainly borrowed capital invested in lands and bnildings and va- 
rious improYements^ enhancing the possible resonrces of prodnctiYe 
indnstry. With discretion and diligence they may prove aaYantages. 
.He says: - ; / 

L regard the indebtedness as compared with other States or with oth^r industries 
as not above an average. ComparM with ten years ago but little change has oc- 
curred, but with a tendency to increase of indebtedness due to the last three years 
of decline in values. Up to three .years ago reduction of debt was goiag on. I 
thirdr that the tendency of late years has been towards the use of capital for im- 
provements, although not to a sharp degree of change. 

About 80 per cent, of om* farmers are in debt above their credits, if mere annual 
store bills are exciaded, and more if they are included. But such debts, whHe large 
in the aggregate, do not cut a seriotis fig-ure with the average farmer; by no means 
so large as formerly and far beliind the bad store system of debts of the South. 
Few farmers mortgage crops here to the trade, and not many trade on the credit 
of a coming harvest in a radical degree. Many run store accounts, but these are 
often offset by eggs, poultry, butter, corn, &c., from time to time delivered. 
Gur traders not infrequently run accoimts a year in such a style, the balance more 
often being against ^he farBier. ; This system, enhances the cost of supplies above 
.cash; trades to some extent, biit to no paralyzing degree. - 

About 30 to S5 per cent, of our farms are mortgaged. More of this indebtedness 
is due to other f ai-mers than to any other class, while the balance is about equally 
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dteMbuted jbetwaen bank$, merGhants, and Easterii loan agents, and to miscellane- 
ous sources. Our banks mainlj loan upon names or in^ 

TJie rates of : i^^^ Heavy loans upon material amounts are se- 

cured from Eastern capital for from 6 to 'T per cent. The general rate is 8 per cent., 
but short and less desirable loans are often found at not leas than from 9-to 10 per 
cent. The average rate will be over i per cent, and by may is rated as high m 9 
" per cent. Yet good property at ordmary length of . time obtains money enough at 
8 per cent. Our farmers have comparatively small investments outside of their 
occupation. Our State is young in many sections, and its farms are not yet all 
settled, and few have their equipments completed. Thus we have not ripened into 
that maturity ivhere vve heed such outside in vestments. In fact, not capital enough 
is now used for the best results on our farms. But this is more the fault of judg- 
ment than the dictate of necessity, f or we can secure the capital if deslreif. In 
slxort, our people are not in an inipoverished condition nor under a heavier burden 
than they can well carry as a rule. 

.r- .... :_ - KANSAS. . . " ' : " \ 

; Tlie flood of immigration ponriiig over tlie eixtire area of this State, 

stimulated by rapid advance in real-estate values, the conseq^uent - 
demand for money in the purchase of land, erection of farm buildings, 
fence-building, prairie-breaking, mA stocking with animals and im- 
plements, conduces to the demand for loans that is almost uniyersal, 
and renders inevitable a large indebtedness. It is a wholesome indi- 
cation that the process of liquidation from proceeds of labor in this 
laboratory of nature is progressing, and that the burden will be grad- 
ually lifted from Kansas farms. ^^^T^ 

Indebtedness of farmers in Kansas, on the whole, is less in proportion than ten 
- years lEigo, although it is much larger in the western or newer portion of the State, 
For th6 wliole State it is still mueh larger than it ought to be, 

Probably 20 per cent, of farmers are in debt beyond the amount of theu' credits. 
At least- 50 per cent, of the farms are mortgaged ^ mostly to loan associations hand- 
ling Eastern capital, Local bankers and capitalists are largely engaged in making 
rea/l-estate loans. 

The rates of interest charged on farm loans range from 6 to 10 per cent. On chat^ 
tel loans the rates range from 10 to 18 per cent. Not more than 10 per cent, of farm' 
ers have property interests outside of their farms. The facilities for making real- 
estafe loan& in Kansas are very gT^ There is scarcely a town of 500 inhabitants 
that is not supplied with an agency for Eastern capitalists. The rates of interest 
are lowering each year under the competition, 

■ \ NEBRASKA. - 

V The secret^^^^^ Nebraska board of agricultn.re ma/kes a very 

fayorable report of the financial condition of the farmers of that 
State. He estimates that the value of rwal iudebtediiess has been 
raduced one-half in ten years^ Th6 rat© of interest i^ 6 per cent., md 
by contract may be as high as 10. The proportion of farms mort- 
gaged is quite small, the loans generally ina.de by institutions. kp.OTO 
asToan banks, [Farmers have some real and personal property inter- 
ests, in town and country, not connected with agriculture/ ^ 

' - \ MOBTH CAEOLIISA. 

In Forth Carolina the legal rate of interest is 6 per cent., but 8 may 
be charged upon agreement in writing. Yet this minimum charge 
is easily ahd largely exceeded. Yf hen the planter needs assistance 
from, the merchant, the latter agrees to adyance the suijplies to a 
certain amount, taking a mortgage on the coming crop, payable when 
the crop niatures. He then charges the farmer his own figures for 
gupplies, f rom 15 to 25 per cent, more than cash price, thus compell- 
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Mg iilm to pay a lieavy int peAaps "witliout rea^Mng^ the fact 
that lie is pa;^irLg interest 

Kis the opiiiion of tlie agent that tlie^ interest, part of which 
is deducted in advance for cash and supplies f urnished,^ is not less 
tha,n 25 per cent., and that one-fourth of the cotton crop is sacrificed 
to meet the interest arising fro 

V SOUTH CAROLINA. 

■ A siHiilar investie:ation in South Carolina showed that the recorded 
liens for supplies, fertilizers, and money advanced amounted in 1882 
to #9,218,312, a-5\dinl885 to $6,595^0G0; Other indebtedness is assumed 
to amount to 30 per cent. more. The entire advances of 1882 are esti- 
mated at $12,000,000, and those of 1885 at $8,500,000. It is gratifying 
to know that planters were better supplied with home-grown prod- 
ucts last year than ever before. It is thoughtthat there was a mate- 
rial reduction in the advances in 1885. The most exorbitant f)rices 
are/charged for goods advanced— 20 to 40 per cent., and even higher 
chargeSi The planters : bind themselves to consign their crops for 
sale to the factors making advances. The agent estimates that one- 
fourth; of the cotton crop is pledged in advance. 

GEORGIA. 

i'he Georgia investigator reports bacon, lard, flour, corn, hay, and 
fertilizers as the principal supplies bought on credit. Corn worth 76 
cents cash is charged 99 cent&, payable ISTovember 1; bacon worth 8 
cents is charged 10.5 cents; and 50 per cent is given as a reasonable 
average of the profits charged. Past-due indebtedness is carried over 
at varying rates, but at least 10 per cent, per annum, though only 7 
or 8, if so stated in writing, is all that can legally be collected. The 
average rate of loans by banks to farmers is estimated at 15 percent., 
ranging from 10 to 25 per cent. _ The amount of indebtedness is 
thought to be less than for any last five years. 

FLORIDA. 

In Morida the average rate of interest paid by farmers is estimated 
at IG per cent., varying from 10 to 24 per cent. The absence of re- 
strictions upon usury has brought into the State a class of unscru- 
pulous money-lenders; who have pressed their loans upon the impru- 
dent, and have secured themselves by bonds and mortgages upon real 
estate far below the true valuations, and in many cases these will 
be forfeited.'' Expectation of extraordinary gains has thus induced 
: many to engage in mercantile pursuits on borrowed capital, until the 
business is overdone. Indebtedness is large in Florida, but no defi- 
nite estimate is made. It is gratifying to know that the j)ractice of 
borrowing money on crops: is declining as variety in production is 
secured, and cotton becomes less prominent. 



ALABAMA. 

It is estimated in the Alabama investigation that 45 per cent, of 
he farmers of the State, white and color sd, were in debt at the begin- 
ning of the year, without available means of liquidation; and that 
not less than 65 per cent, find ij: necessary to seek assistance from com- 
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mission or coiintry inerGlianis for supplies of some kind necessary in 
the progress of crop-making, Tlie agent says: 

The cost of this indebtedness, or tlie tax upon agriculture resulting from it, is 
f ound in such a multitude of ramifications that it is diificult to conceive of any re- 
spect in which agriculture is not crippled by it. It prevents the farmer from con- 
ducting his business upon the only absolutely safe and profitable basis— cash. Unable 
to purchase fit'et-ciass stock and improved labor-saving implements, he does his work 
in the most costly manner. Compelled to purchase on time his supplies, &c. , he pays 
not less than 50 jDer cent, more than the same goods would cost for cash. His ener- 
gies are crippled; his independence destroyed. The cost of this indebtedness to the 
agriculture of the State in the form of diminished production and improvement and 
increased wear of farms and improvements is not less than $5,000,000 annually. 

Where money is borrowed by mortgaging farm^ either fi'om those engaged espe- 
cially in this business or by advances from commission merchants, the rate of inter- 
est ranges from 18 to 24 per cent, per annum, 

, The heaviest tax paid for advances is to local merchants who sell corn, bacon, &c., 
** on time^" to be paid out of the cotton November 1. These advances usually com- 
mence Jlarch 1, and continue through September, sonie running seven months and 
some only one Or two. The goodL^ are usually sold '- on time," at f rom S5 to 50 per 
cent, above the cash price, and, taking the average time at which the accounts run, 
the rate per annum would be upon, all classes; of goods purchased at the credit prices 
about 75 per cent, upon the cash price at which the same goods could be bought at 
the same place. 

The tenants and croppers get about 35 per cent, of the cotton made in the State, 
and, as a rule, all of tills is pledged for supplies before it is gathered. Certainly, 
taking the average, 90 per cent, of this is pledged. Out of the balance the planta- 
tion must be^kept up. and advances secured, in a majority of cases amounting on the 
whole crop of the State, according to the best information at command, to about 70 
per cent. With the exception of the rates of interest, and rates on time purchases, 
these are, of course, merely estimates based upon the best information at my com- 
mand, ' ~ . 

MISSISSIPPI. 

In M^^^ to the investigation made by the State 

agent, the interest rate, "vvhen supplies are furnished to farmers/ is from 
1 to l^- -per cent, per month, which is generally secured by mortgage. 
; The buik of the cotton crop generally goes to pay for supplies. About 
one-third of the farmers are out of debt; one-third are recoverably in- 
debted ; and one-third hopelessly ruined. The rate of interest on gen- 
eral indebtedness is usually 10 per cent. Those who are out of debt 
are commori farmers, white laborers, who cultivate their own lands, 
and are in a prosperous condition. Those who buy mules, rent land, 
and have to be supplied with food generally come out minus at the 
end of the year, and they constitute a very large percentage of the 
labor force of the country. Unless farmers can get 10 cents per pound 
f or cotton they can never keep out of debt. The ruling price paid to 
farmers in 1886 was 7 to 7i cents per pound, which will not more than 
pay for the supplies in making the crop. 

LOUISIANA. 

It is estimated that 75 per cent, of the farmers of Louisiana are in 
debt to the extent of a fourth part of the value of the cotton crop. 

The annual rate of interest upon advances of money and provisions 
is nominally 8 per cent., and 2i per cent, for purchasing, 2i per cent, 
for selling, and 2 per cent, freights. Total, about 15 "per cent. 
Country merchants charge more, obtaining from 15 to 20 per cent, 
for advancing, besides a heavy profit on goods sold. The smaller 
fafmerSj, who mostly live in the upland parishes, are more free from 
debt as a rule than the larger or more pretentious planters on our 
alluvial soils. The one-crop system and the purchase of supplies has 
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generally resulted iii failure. Henee therQ i§ a growiug diKsposiMan 
among them to plant more forage and £ood crops, m^/kiixg eottoii and 
sugar of seGondary importance/ TMs is only retarded "by their in- 
debtedness to meroiiants, who demand from them yeaxly sufficient to 
cover their indebtednese. At presant the planters are very muoh de- 
pressed/ especially the rice and cotton m 



. TEXAS. . . 

It is thought that oue-third of the TexaB f armer3 are in debt, and 
that half require some adyances f roni the me^^ It is a common 

practice for the farmer to arrange with the merchant for an advance 

of $2 to $5 per acre/ generally $3 per acre,.of cultivated land, to be 
secured by a crop lien. * The renter has greater difficulty than the 
owner in getting supplies; he must induce his landlord to waive his 
landlord''s lien in the merchant's favor or to indorse the renter's note 
for such supplies, The crop lien is usually given for supplies rather 
than money. The annual rate of interest is 12 per- cent. ^ but the 
actual difference between cash and credit prices is 25 to 50 per cent. 
The western part of the State, engaged more fully in stock-raising, is 
in better condition than the eastern. 



■ ^ . .ARKANSAS,- ■ 

TEb Arkaraas^ a^ Estimates Me proportion of farm^ in debt in 
Arkansas at 75 per cent, in the cotton region and 25 per cent, in the 
grass and grain region. The interest rate is 6 per cent., with privi- 
lege, by agreement, of 10 per cent. The farms are not mortgaged as 
•a rule. Indebtedness is of several kinds : To banks and money-lend- 
ers, for money or supplies furnished by farm owners to small tenants 
of large plantations; for supplios to small farmers or renters. The 
: mbost numerous cla^s requiring help is the tenant cultivating a few 
acres of cotton, Tha average increase of cost of all supplies by rea- 
son of these ;advan^^ is eMimated at 20 per cent. The report says of 
this class: 

Tt6 ienaut or sk^ farnier: Tkis maii may or may not have a pony or 

mul©. & rents io^ad, say, for $6, $8, or $10 per acre, or works for part of the crop, 
but must have supplies from or through the laiidlord or by mortgaging his niule or 
pony and the crop ne grows. Of course the risk on him is greater than any other 
claas, and he must pay for the risk, and is scored at the rate of 50 to 100 per cent. 
I should say that this man, taking aU things into consideratiouj on the average over 
the <5aMi toM, putting him at lOO, pays 166, or two-thirds more than if he !md 
money, This is the most numerous of all the classes, and comprises the buUi of the 
agricultural labor of the South. 

This record makes a burden of interest that is nnendurable. The es- 
timate of North Carolina is 25 per cent. , inclnding the advanced prices 
of supplies furnished; of South Carolina, 15 per cent. ; of Georgia, 
50 per cent, in the prices of advances and 10 per cent, interest on 
past-due indebtedness; of Morid^^^ per cent. ; of Alabama, 50 per 
_ cent increase in- price of goods and 20 per cent, on mortgagees;, of 
Mississippi, 15 per cent. 6n advances, without reference, to inci'ease 
of prices, and 10 per eent. on genoral indebtedness- of Louisana; 15 
per cant., besides higher prices of goods and more for advances by 

^ Under the direction of the supreme court a mortgage is invalid gwen before the 
seed is in process of germination, and the general tenor of decisions of the courts is 
that a thing must be m me before it can be disposed o 
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country mercliaiits; of Texas, 12 per cent; nommal interest f or snp- 
plies cnarged at excesKS of 25 to 50 per cent, ; of Arkansas, 10 per cent, 
by contract on supplies cliai^ged an extra profit of 40 per cent. Tliese 
are the ayerages assumed by our State argents as the cost of interest 
on advances secured by crop liens. 

It appears that a large proportion of cotton planters are in debt for 
current supplies/ and that the loss resulting amounts to 15,000,000 per, 
annum in some States, and absorbs nearly or quite all the profits of 
produetion, while the soil is wearing away, with the lives of the cul- 
tivators, for the benefit of the commercial class. 

The facts developed indicate a considerable amount of indebted 
ness, diminishing from west to east and from south to north. It is 
.gratifying to know that the burden is decreasing. The element of 
time in eliminating debts of pioneer settlement and improvement is 
obvious^ for a large proportion of American farmers have ^ttled 
with little capital, and have erected houses and barns, built fences, 
dug ditches, felled forests, or broken prairies by the labor of their . 
own hands. The capital in agriculture is of recent creation; much 
the largest portion from the labor of a single generation of workers. 

The ind improve and stock a farm on the basis of free 

land is sufficient to warrant incurring indebtedness on the security 
of youth and will and muscle; and the gradual reduction of the debt/ 
while the property is increasing -in value, is a surety of ultimate 
removal of the burden. 

The worst form of indebtedness-— advances upon growing crops, at 
exorbitant prices for goods supiplied farmers for the accommodation, 
and high rates of interest~-wfiiGh has so long throttled industry and 
.devoured the.proceeds of labor in the cotton States, is gradually fall- 
iag into disuse and shoxild ultimately be discarded utterljr. It is use- 
less to hope for rural prosperity where the practice prevails. In sueh 
cases the borrower is literally a slave to the lender. In the older 
States the unagricultural property of farmers, in shares of banks and 
manufactures, notes, bonds and mortgages, and interests in minor 
local enterprises, is greater than the total indebtedness of the farming 
class. In most of the Central States, those of the Ohio Valley, this 
is also the case, where land is rising in value and wealth outside of 
agriculture is decreasing and absorbing the profits of farms and the 
proceeds of land sold by farraers who are contracting operations or 
retmng from active husbandry. In the remoter districts^, where the 
pioneer is borrowing funds from distant capitalists, and the cotton 
grower is consuming his crop before it is grown, by the aid of the 
city broker^ there may be less net capital in agriculture than the 
assessor shows. 

On the whole the situation is hopeful, and the intrinsic wealth in 
agriculture slowly accumu3Bting, The low prices of products are, 
indeed, discouraging, especially to those in debt. For the excessive 
decline in BGme;0f these *tlie farmers are themselTOS to blame in not 
better adjustiiig production to cob sumption. Gradually there will 
come adjustment and a nearer approach to equality in "^T^alues, and 
there will be less of hardship in the situatioa. Probably a reduction 
in wages of farm labor will' be one of the movements in this adjust- 
ment, Bs wages are now iiigher than products. The tendency of the 
times is towards lower rates of wages in all kinds of industries of the 
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United States; a movement to be deprecated and delayed in the inter* 
est of a liiglier plane of cnlture and comfort for tlie working classes^ 
if it cannot be wholly averted. 

FRAUDS UPON FARMERS. 

Dishonesty is not content, in these greedfnl days, to mannfactiire 
deceptive wares or sell adulterated goods. It leaves its accnstomed 
city haunts, goes among the greeii fields in the pure air of the coun- 
try, and seeks victims among the farmers. It does more : seeks to 
develop dishonesty among the inorar weaklings of the farming class. 

Twenty-five million people, living in comparative isolation, indus- 
trious and prosperous, present tempting inducements to men who 
live on the fruits of the labor of others, which have been improved 
for years by many sharpers; and the agricultural press has exposed 
the tricks and frauds; attempted, preventing much loss, without eradi- 
cating the evil, v V 

These dishonest schemes take protean forms, and appear in mani- 
fold guise and disguise. They appeal to the farmer's ambition, econ- 
omy, and cupidity. They oJf er, now a machine, labor-saving and effect- 
ive; again, a variety of fruit tree or plant of marvelous j)roductive- 
hess and phenomenal qual^^^ They excite his fears of law and 
: damages for infringement of some patent, and arouse the lurking 
devil of greed in some artfully presented and speciously arrayed 
scheme of dishonest gain.; There is an opportunity for fraud in the 
supply of all goods and chattels required on tho farm. Trees, plants, 
fertilizers, farm implements, household furniture, lightning-rods, 
books, and crop returns even, are made the opportunity and medium 
of fraudulent commerce. A prime necessity is the signature of the 
farmer, and the most ingenious means are taken to obtain it. An 
order, a receipt, is made to serve the purpose of a promissory note. 
-A favorite ruse is to induce him to act as agent for the sale of some 
article of farm machinery, leave with him some specimens, taking a 
receipt for them in such form that, either with or vfithout change, it 
can be used as a note for the money represented in the goods. Orders 
for subscription books, in some instances for the revised JTew Testa- 
ment, have been converted into notes, which are sold to bank or 
broker— assumed to be an innocent" third party—and promptly 
collected. Another device is the appearance of the sharper as a 
pretended agent of a bible or tract society, or of some charitable in- 
stitution, at dinner-time, when he accepts an invitation to dine on the 
sole condition that he may be permitted to pay for his meal, accord- 
ing to the strict reqiiirement of his society. He takes a receipt in a 
form which he carries to subserve his artful purpose, which returns 
to the farmer as a promissory note for any sum which the scoundrel 
. sees fit to fill the blank with. 

It would be easy to present many pages of these artifices. If all 
could be exposed, and every farmer made acquainted with them, the 
ingenuity of swindlers would devise others of a character equally 
vile. A few will suffice, and if they shall put their intended victims 
" on their guard,*' and prevent their dealing ^with strangers or giving 
their signatures in such form as may a;dmit of fraudulent use, the 
purpose of this article will have been subserved. 

A lightning-rod agent agrees to put up lightning-rods about a house 
for $5, and presents a bill for $105— $100 for the rods and $5 for pnt- 
ting them up. The collection of royalties on some patented article 
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found in tlie farmer's possession, the sale 0 worthless receipts forth© 
manufa-eture of fertilizers, the sale of rights for a worthless patent 
process for curing tobacco^ the collection of fees by pretended officials^ 
such as boiler^nspectors, ^^the,#iy^ variety of insur- 

ance frauds, and the sale of worthless receipts for the cure of '-hog 
cholera " or other animal diseases, are among the numerous swindling 
devices raentioned by the correspoiidents of the Departme^^ 

As long as there^ is rascality oil the one side and undue credulity on 
the other, such swindles will continue to be practiced to a greater or 
less extent; but they are now practiced successfully in many cases 
where they might be frustrated by the simple rule of refusing to deal 
with irresponsible parties without any known business standing or 
any fixed local habitation. The only additional precautions that sug- 
gest themselves as available to the individual are the exercise of rea- 
sonable care, the use of ]3roper means to keep informed on agricultu- 
ral matters, the education of farmers' children in business law, and 
the use of the: facilities for mutual protection offered by such asso-^ 
ciationsas the Patrons of Husbandry or other farmers' organizations. 
There are, however, some classes of frauds— such as the sale of fer- 
tilizers under false names and the manufacture of oleomargarine for 
: sale as butter— which demand the effioient intervention of State or 
national authority. But even in this matter much must depend upon 
intelligent concert of action amo^^^ themselves, both in 

suggesting the proper legislation and in bringing to bear on legisla- 
tures- the influence necessary to insure the proper action. > 

BOHEMIAN OAlTS. 

As a conspicuous example of these dishonest schemes, the inge- 
nious and complicated '^Bohemian oat swindle" was investigated in 
March, 1886, through the aid of our reo'ular statistical correspond- 
ents and State agents. And though the exposure was printed in 
15,000 copies of our special reports, and sent to the agricultural press : 
and to thousands of other newspapers, some of which had repeatedly 
exposed the fraud before, it still lives. Though driven from its prin- 
cipal haunts in the West, it is yet, in March, 1887^ to be found in 
New York, and possibly in many other States. This fraud is of more 
^- hideous mien" than many others, for a long time growing more 
formidable, emboldened by success, thriving under exposure, per- 
sistent in defeat, and fortifying itself anew when driven from its en- 
trenchments. It has entailed losses of hundreds of thousands of dol-_ 
lars; possibly a million dollars would not be an exaggeration. 

TW history of this swindle covers much time and space. It has 
lived from year to year under a galling fire of the agricultural and 
local press. It has thrived not merely through ignorance of its dis- 
honest character but also, it is feared, through an appeal to the 
cupidity and dishonesty of a small proportion of the agricultural 
class. While the average character of farmers is believed to be fully 
as high as that of any large industrial class, it cannot be assumed 
that there are no '^black sheep" in a flock that mmbers nine million, 
workers in agriculture. 

The magnitude aiid success of this enterprise is a sufficient reason 
why this 'Department, designed for the protection of agriculture and 
the general welfare of the country, should inquire into the extent 
and geographical distribution of this prolific crop of frauds. 

Tiiore are reports of the sale of hull ess oats at an exorbitant price 
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in certaiii coimties in Wisconsin and Mew York as niueli as ten years 
ago, but tlie swindle does not appear to liaye taken root in those 
localities. In its more recent develoiDment it is reported on good 
autliority to liaye been imported from Canada about tbe year 1880 
and planted in Northern OMOj- where it soon attained a particularly 
vigorous growth. It was early exposed, driven to western^ to centralj 
and southern counties^ and it soon spread through portions of Indi- 
ana and Michigan, and eastwardly into Pennsylvania and New 
York. During five years it has made its way into every Western 
State, and made local incursions southward into Kentucky and Ten- 
nessee/ and is beginning to be heard of in the extreme East. 

Correspondents report the attempt/in some form, to sell this grain 
at exorbitant rates in 25 States, and the presence of the agents of the 
organized swindle in 18. Ohio is the center of the inf ection^ reports 
having been received from 45; counties. Indiana makes return of 
operations in 24 counties; from Michigan come reports from 16 coun- 
ties, mostly in the southern part of the State, most of them among 
the richest and most populous, and from 10 counties in different parts 
of Illinois. In Wisconsin, Minnesota, and Iowa agents have ap- 
peared at fewer points, and only an occasional foray has as yet been 
made into Missouri, Kansas, Nebraska, and Dakota, on the west, and 
into Kentucky and Tennessee southward. Agents have appeared in 
several counties in Western New York (10 are reported) and in Penn- 
sylvania, and a few in West Virginia. One is reported in New Lon- 
don, Conn., and one in Waldo, Me. Altogether, there are 130 coun- 
ties where this fraud is reported, and it is possible, and indeed prob- 
able, that a complete report would reveal its existence in 200 counties. 

The mode of operating has been exposed so thoroughly and in so 
many places that it would seem, superfluous to describe it, and yet 
the returns show that it is entirely unknown in many districts, es- 

tecially in the South, which may soon be invaded by an army of 
epredators. 

A person representing himself as the agent of some distant com- 
pany appears in the neighborhood and proposes to organize a com- 
pany or association of farmers for the growth and sale of this grain. 
He strives at the outset to draw into this enterprise some man whose 
name will have weight and influence with others to be approached, 
thus inspiring confidence in his scheme and averting that critical in- 
vestigation which would inevitably be fatal to its success. The com- 
pany being formed, it is organized under the local laws. 

The members of this association are to monopolize for a year or 
two at least the production. The grain is furnished, generally in 
quantities of not less than 10 bushels to any one member, at $10 per 
bushel^ for which the farmer gives his note, payable, with interest, in 
twelve months. He might hesitate, fearing his inability to reimburse 
himself for this outlay by the sale of the produce of this seed, but 
the agent's scheme is reassuring; he offers, on behalf of his company, 
'' a bond," in which it agrees to sell (but not to buy) twice the quan- 
tity of oats purchased, at $10 per bushel, less 25 per cent, commission, 
on or before a certain date, usually^ a month prior to the date at which 
the note matures. Thus, if he gives his credit for $100, he expects 
to receive $209, minus $50 as commission^ and thus makes $50 clear 
before the payment of a dollar. In fact, however, he gets' a note 
which runs another year before collection. 

The sale is not limited to 10 bushels, though the agent is caref ul to 
convey an idea of limitation in: quantity and in number of purchas- 
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ers, an idea of monopoly. In many cases, however, the lower limit 
of 10 hushels is hrofeen and 5 are sold, if the bnyer proves cautious. 
There is usually a pretense of limiting sales to one person in each 
toivnship, while the general practice is to sell to all who will buy and 
can pay, Sometinies the sale is made for cash, but very rarely ; a 
note payable at a local bank being received as a rule and sold or dis- 
counted at once. When due^ it is collected by the buyer, an - ' inno- 
cent third part}^. : 

The scheme is'intended to run more than a single year, but if ex- 
posed too early the agent sometimes fails to appear after harvest to 
^^sell/^ as " nominated in the bond," the promised quantum of grain. 
Otherwise he returns, takes orders among other farmers, and receives 
notes due in twelve months, giving each a bond of the local company 
formed by the first growers for the sale after harvest of double the 
quantity sought. He gives these notes in payment for the oats, but 
takes 50 per bushel commission. ^ Selling twenty bushels, he pock- 
ets 150, or $100 for forty bushels. He may thus realize several thou- 
sand dollars in the neighborhood, leaving the local company to sell 
after the next harvest the two bushels for each one sold, at the same 
price, if the excitement can still be kept up, and confidence retained, . 
he can fleece scores of other farmers in farther commissions; but the ; 
fraud is usually exposed in the second season, if not in the first, leav- . 
ing the first growers reimbursed by becoming swindlers themselves, - 
or engaged in numerous lawsuifcs with fellow-farmers who have been 
swindled. 

The losses that have accrued are already immense; these returns do - 
not give them, except in a few instances^ it would require further time, 
and prove a difficult undertaking, yet it is claimed that in some conn-- 
ties they would reach $10,000. ^Probably $100,000 would not cover 
them in Ohio, and possibly the aggregate for all the States would 
reach several hundred thousand ddllars. A loss of $100 by one man 
is Gommdn, and some cases are reported of $1,000. 

One of the early promoters of the scheme in northern Ohio, Henry 
L. Bacon, was last year sentenced to seven years' imprisonment in the _ 
Ohio penitentiary, by a court at Akron, for forgeries in connection 
with this fraud, ' others shoiild follow s 

The returns relating to quality represent invariably that these 
Bohemian or hullless oats are of inferior quality, not worth as much ■ 
as ordinary oats. One of the most competent Judges in the country- 
Mr, Ferdinand Schumacher, the well-known oatmeal manufacturer 
of Akron, Ohio— in a letter to the Gommissioner of Agriculture, dated 
Septeniber 30, 1885, makes the following statements in rega-rd to them : 
V 1 do not want tliem for oatmeal even at the same price with common oats. I do 
liot know of a miU anywhere using them for oatmeal, and I do not know of a farmer: 
sowing them more than twice. I do not know of any section in this country where 
the experiment with them has been a success. They. have no standing in any of our 
grain markets. ' 

Mr. W, S. Walker, chief clerk in the office of the secretary of state 

of Ohio, replying to a question as to the responsibility of one of the ~ 
Bohemian oat companies of that State, said: "^These seed men are a 
set of swindlers. There is not a dollar of security here for their 
bonds. Pon't deal with them." ''Our courts," says H. Talcott, 
treasurer of the Ohio State Grange of the Patrons of Husbandry, i 
^'arefull of lawsuits," referring to lawsuits growing out of contracts 
made in connection with Bohemian oats. In one county (Wyandot) 
over a dozen cases are said to be on file against Bohemian oats agents. 
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As the name Boliemiaii is becoming somewhat notorious, we begin 
to hear of Australian and Russian oats; and other varieties, or the 
old variety under other names, maybe expected to appear. Oases 
are also reported from a number of localities in Ohio, Indiana, and 
other States in which ^' hulless barley " and pretended new varieties 
of wheat, bearing such fancy names as " gold dust," " Seneca chief," 
*'red line," &c., are being oifered for sale at high prices— the wheat 
as high as $15 per bushel-^and upon the same plan as has been fol- 
lowed with Bx>hemian oats. It is not necessary to know anything of 
the quality of the grain offered on that plan to understand that these 
schemes are fraudulent, because a plan. which presupposes that the 
crop can be sold year after year at the same price as the seed, when 
the latter is twenty or thirty times the ordinary market price of the 
grain^ manifests a palpable lack of common sense. 

: AGRICXJLTURAL EXPORTS Va IMPORTS. 

The exports of the agricultural surplus, commencing when these 
-States were colonies, have attracted the attention of the world, for 
their volume, if not for their variety. First tobacco, then cotton, 
wheat, and maize assuming prominence within two or three decades, 
and meats subsequently, pork products quite early, and beef later, in 
its; "fresh" form, the growth of a single decade. Other exports of 
" agriculture amount to little. The bulk and main value of all come 
from four crops— cotton, corn, wheat, and tobacco; all except wheat 
distinctively American in origin, or peculiar adaptation to local cli- 
mate. The increase since 1860 is seen in the following figures, taken 
frpm the official records of customs: 



Yeax. 


Cotton. 


Breadstuffs. 


Tobacco. 


Provisions. 


Cattle, 
sheep, and 
swine. 


All products i p^p- 
agriculture, j 




$191,806,555 
227,027, 624 
211 ,,535, 905 
205,085,643 


$24,422,3ia 
72,230,933 
288,036,835 
125, 846, 558 - 


115,906,547 
21,100,420 
16,379,107 
27,158,457 


$16,934,363 
30,992,305 

132,488,201 
90,025,216 


$1,463,643 
724,933 
14,057,931 
11,983,095 


1 

$256,560,972 | 81.14 
361,188,483 1 79.31 
685,961,091 1 83.25 

- 484,954,595 1 72.82 






1886.,....,.....,.; 



Cotton has remained almost stationary?', owing to increase of manu- 
facturing in this country. The increase in breadstuffs has been more 
than; fourfold. The value of tobacco exports has almost doubled. . 
Proyisions and farm animals show the largest rate of increase. 

Here follow tables showing what products of agriculture are ex- 
ported and what imported, the difference between exportation and 
importation slightly exceeding 1200,000,000, or lesrs than 7 per cent. 
_ of the value of the products of agriculture, and with cotton excluded, 
barely balancing surplus and deficiency. 
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Articles. 



Animals, living: 

Oattle . V , . . . , nuniber , 

Hogs. .... . , .do. . . 

Horses . . . . . .do. . . 

Males .do. . . 

Sheep ...........do... 

Air other, and fowls > , . 

Animal matter: 

Bones, hoofs, and waste 

Casings for sausages 

Eg-gs dozen. 

Glue . — . ... . . . pounds. 

- Urease and soap-stock. . , . . . 

Hair, and nianufactures of 

Hides and skins 

Honey , .......... 

Oils: 

Lard . ... . . ..... i _ gallons . 

Other animal .... : .do... 

-Provisions: 

- Meat products- 
Beef products — 

Beef, canned 

Beef, fresh .pounds. 

Beef, salted ........do... 

Beef, other cured .do ... , 

Tallow... — ...... — ;.. ...do..., 

Mutton. ............ do. . . , 

Oleomargarine— 

Imitation butter , , .do. . . , 

The oil , , . do 

Pork products- 
Bacon................ do 

Hams..... .,do 

Pork, fresh. .do. . . . 

Pork, salted or cured do 

_ Lard................... , do,.., 

Poul try- and g'a,nie .do ... . 

Other "raeat i>roduets . . . , 

Dairy products — 

Butter„, .pounds. 

Cheese , ....do... 

Milk 



Wax, bees' , . . ... . . , .pounds. 

Wooi, raw, ...... , . , , , , , ... . . , . . .do, . . 



Total value ot animals aixd animal matter. 



Broad and breadstuffs" 

Barley .....bushels. 

Bread and biscuit pounds . 

Indian corn . bushels . 

Indian-eora meal. . . .... .barrels. 

Oats...... bushels. 

Oatirieal i ... . . ...... pounds. 

Rye .bushels. 

Rye flour. . .................... ...... ......... .barrels. 

Wheat . . . ... . . ... . . — ... .bushels . 

_ Wheat flour barrels . 

All other breadstuffs . 



Total value of bread and breadstuff s. 



Cotton and cotton-seed oil; 

Cotton- 
Sea island pounds. 

Otner unmanufactured . do , . . 

Cottoh-seed oil ... . gallons . 



Total value of cotton and cotton-seed oil . 



Miscellaneous: 

Brooni corii , 

Fruits — 

Apples, dried — .pounds . . 

AppleSj green or ripe barrels . 

Preserved— 

Canned ..... 

Other. ............... 

AM other. ........... 

28 AG— '86 



1886. 



Quantities. 



119,065 
74, 187 
1,616 
1, 191 

177,594 



253,203 
397,653 



973,329 
360,323 



99,423, 363 
58, 903, 370 
834,955 
40,919,951 
1,059,435 

928,053 
27,739,885 

369,423,351 
60,365,445 
70,749 
87, 196, 966 

293,728,019 



18,953,990 
91,877,335 



X36, 179 
^,238,080 



252, 183 
16,778,850 
63,655,433 
293,546 
5,672,694 
29,495,008 
196,735 
3,339 
57,759,209 
8, 179,241 



4,613,675 
3,053,433,769 
6,240,139 



10,473,183 
744,539 



Value, 



|iO, 958,954 
674,297 
348,333 

1^^5,711 

3£9, 844 
58,531 

.127,735^ 
700,382 
46, 105 
42, 137 
921,337 
407,672 
873,925 
44,735 

500,011 
318,643 



3,486,453 
9,891,011 
3,544,379 

89,593 
2,144,499 

93,083 



2,964,954 

26,899, 111 
4,741,100 
3,985 
5,119,426 
20,361,786 
28,484 
947,524 

2,958,457 
7,663,145 
255, 864 

^ 36,636 
476,274^ 



107,539,453 



166,330 

735,476 
31,730,923 
858,370 ■ 
1,944,772 
.735,973 
133, 105 
13,733 
50,262,715 
38, 443, 955 
813,207 



135,846,558 



1,176,035 
103,909,617 
3,116,974 



207,201,616 



134,185 

548,434 
1,810,606 

580,423 
28,339 
340,507 
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Artlclesj. 



1883, 



-Quantities. 



Value." 



Miscellaneous--Continued. 

Hay = . ......V 

Hops = /. 

- Oil cake and oil-cake meal ...... 

Oils- 

V Linseed. . ................ . . . , 

Other vegetable .......... . . 

Rice...................... 

Seeds— 

" Clover 

Cotton...... . 

Timotliy — . . . 

Allotber 

Sugar and molasses- 
Molasses and sirup. 

- Sugar, brown 

: Tobacco- 
Leaf 

Sterns and trimmings. . .... . 

Vegetables- 
Onions ..... ...... 

Peas and beans 

Potatoes . . 

Vegetables, canned. ...... .. 

All other, including pickles . 
-Wine- _ 

In bottles ........ ^ — ....... 

Not in bottles 

Other agricultural products ... . 



. .tons, 
. pounds . 
....do... 



.pounds. 

.pounds. 
....do... 
....do... 



..gallons. 
..pounds. 

do... 

....do... 

.bushels. 
,.v..do... 
..V.:do..: 



...dozen, 
.gallons. 



Total value of miscellaneous products. 



13, BW 

- 13, mb, mi 

585,047,181 
78,885 



356,311 

2,652,433 
11,793,411 
4,038,987 



8,231,2.89 
89,523 

281,737, ISO 
11,030,770 

68,811 
408,318 
494,948 



6,0.51 
119,085 



1237,903 

- 1.714,488 

- 7, 05B;T14 

41,863 
43. 519 
14,241 

264,882 
- 112,782 

175, 7C4 
1,396,572 

1,115.407 

5,030 

28,9S6..^44 
231,013 

75,833 
570, 163 
346,864 
190,339 
134,293 

24,813 
93,297 
154,132 



44,366, 963 



: RBCAPTTULATIOX. 

Total value of animals and animal matter , ; |107, 539, 458 

Total value of bread and breadstuffs . — — 135, 846, 558 

Total value of ; cotton and cotton-seed oil ... 207, 201, 616 

Totalvaiueof misceHanoous products .......... * 44,366,963 



Total agrieultural.exports. : . .... .... ...... .......... 

TTofcal exports ... ^ ..... 

Per cent, of agricultm-al matter / . 

^ Imports of agriciiUuralprodiictSj lSSQ. 



484, 954, 595 
665,964,529 



72.8 



Products. 



Sugar and molasses; 

Sugar. ............ 

- Molasses......... 



Total sugar and molasses . . . . 

Tea, coffee, land cocoa: 

Tea 

Coffee , 

Cocoa............ 

"i'otal tea, coffee, and cocoa . 

Animals and their products: 
Cattle........... 

Horses 

Sheep. . . . / . . . ^. . . . 1 . . J. ; . . . . 
All other and fowls 

Bristles........,^..... -.. 

Biitter. 

Cheese.. . . — . . . . ..... . . 

Eggs... ........v. ...... 

Hgir......... .................. 

Hictes., 

Meats— _ - 

Preserved. &c ... 

: AUother.;. .„....,,. 



Value. 



80,773,744 
5,595,670 



86,369,414 



16,020,383 
42,672,937 
1,793,398 



26. 



281, 
312, 
006, 
338, 
087, 

m, 

173, 
469, 
699, 

271, 



Products. 



Animals and their products^ContM. 

Milk... 

Oil, animal . 

Wools 



Total animals arid their products ; 



Miscellaneous! - . 

BreadstuiTs— / 

Barley 

Indian corn ........ 

Oats..... 

Oatmeal............... 

Rye....... 

Wheat.......... ........ 

Wheat flour 

AU other breadstuifs . . 

Cotton 

Farinaceous substances . . . 

Flax, hemp, jut^, Ac- 
Flax.. . ............. 

Hemp and substitutes . 

Jute. .. ., 

Si.sal-grass, &:c. , 

Fmiis ana nuts 

Hay 

Hops.. 



Value. 



%7m, 410 
3, 488 
16,746,081 



58,-207,181 



- 7,177,887 

- ' -8,785 

30,792" 

- - 49,347 

138,180 
331,393 
6,274 
- SOS, 818 
67^.503 
693,210 

1.576,518 

- 8,8i7,3?6 

567. 023 
_ 2,399. 4m 
17,31S,vr59 

444,989 
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Products. 



BliscallaneGus— Continued. 

Malt, barley., . ... . . . . . . . . . . . . . 

Oils, vegetable- 
Fixed or expressed- 
Olive .v.............. 

Other 

Volatile or essential 

Eic«... 

Seed.................. 

Spices- 
Ground. .................. 

Unground— 

Nutmegs 

Pepper 

Auother 

Tobacco—. : 
Loaf- 
Suitable for wrappers 



Value. 



1237,843 



651,580 
1,^73,026 

947,645 
2,047,916 



170,423 

458,379 
l,644,38^i 
678,936 



Products, 



Miscellaneous— Continued. 

Tobacco— leaf f aU other. ......... 

Vegetables- 
Beans and peas 

Potatoes 

Pickles and sauces, 

All other... 

Wines— 

Champagiie and other spark- 

Ung... ............ 

Still wines— 

In casks.,., , 

In bottles 



Total miscellaneous . 



Value, 



$7,793,833 

585,461 
649, 009 
323,362 
994.347 



8,110,293 

3,519,6^- 
1,810, 135 



66,757,918 



EECAHTITLATION; 

Sugar and molasses. . . , , , $86,369,414 

Tea, coffee, and cocoa. , , . , , . . 60,486,718 

Animals and their products 58, 307, 181 

MisceUaneous 66, 757, 918 

Total imports of agricultural products ... ..... ....... .... ......... 371, 831^331 

This exlubit of agricnltural exch.aiiges in a nation^ more prolific in 
variety, in forms of j)rodiictioix/,and more abundant in quantity than 
any other, is a striking illustration of the fact that each country 
practically provides for itself j that its surplus is mainly the accident 
of -the adjustment of consumption to productibn, and therefore that 
foreign trade must ever he a comparatively unimportant considera- 
tion to its agricalture. 

Circumstances, m.ainly climatologicalj have given this country an 
advantage in growing cotton and tobacco which has amounted al- 
most to a monopoly. The result has been an excessive amount of 
exportation, favoring our balance of trade, without benefiting cor- 
respondingly the districts of largest production. This result was 
unnecessary, coming from neglect of other branches of agriculture 
and from dependenc'e on other and distant districts for supplies, even 
for such bulky products as hay and corn for horses and bread and 
meat for men. This neglect has reduced the profits of cotton-grow- 
ing and stimulated production and prices in the regions where sur- 
plus grain and meat are produced. The benefit might have been 
appropriated mainly by the cotton-growdng districts^ had all neces- 
sary s'U.pplies been produced at home. Those farmers who are acting 
on this simple truth in farm economy are advancing rapidly in pros- 
perity. . -\. : : ; : . 

Leaving out cotton from our list of agricultural exports, $205,085, 64.3 
from Si34, 954, 595, the remainder for the past year is $^79,868,953. 
The imports of such products^ mostly foods and beverages^ amounted 
to $271,821,231, -leaving a beggarly balance exclusive of the cotton 
exports. \ ; : 

It is a short time since only one-fifth of the cotton and one-third of 
the tobacco was respectively the anionnt of domestic consumption. 
Now one-third of a much larger cro]3 of cotton is required for home 
manufacture and fully half of the tobacco, and these proportions 
will be incfea;sed in the future, to the great benefit of growlers and 
increased eagerness of foreign buyers. 
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^ It wiU probably prove a surprise to most readers to find tliat, wMle 
tlie princely sum of $107,539,458 is taken for domestic animals and 
their prodncts, more than half of it, to wit, $58,207,181, is paid out 
for animals and their products produced in foreign countries, he- 

. sides a few millions more for ocean and inland transx3ortation and 
commissions on the same property. The largest item is hides ($26,- 
699,313). Imports of manufactured leather are nearly $12,000,000 
more. TMs is the more remarMhle, as this country far excels any 
European country in number of farm animals, in proportion to popu- 
lation. It is doubtless a further attestation of the obvious fact that 

:mir people are unusually well shod and that the uses of leather are 
rapidly increasing. 

; Another annual product which a million farm or ranch proprie- 
tors in the United States are engaged in producing was imported last 
j^ear to the value of |16, 746,081, mostly from the South American 
pampas and Australian sheep-walks. Eggs, a food that could be in- 
creased a hundred fold, are among the year's imports to the number 
ofvi6,092,583 dozens, costing $2,173,454. / 

The importation of horses is a large item of the past year's trade, 
amounting to. $4,312,686, and numbering 21,062 free of duty and 37,901 
dutiable. The animals imported free are presumably for the im;grove- 
ment of breeds, but really under the letter rather than the spirit of 
the law as to much the larger proportion, to obtain very cheap stock 
as a f dundation i or ranch heras, to be gradually improved by infus- 
ion of domestic blood. Thus there were 13,880 horses brought from 
Mexico last year/ "for breeding p costing $7.49 each. The 

real importation for improvement included 5,288 from Canada, at 
$224.45 each; 1,123 from France, at 1549.93; 698 from Great Britain, 
.at $512.46; and a few from other European countries. The intro- 
diiction or Hexican^^^b^ reduces the average of animals im- 

ported free to $110. 19. The dutiable horses were mainly 21,908 from 
"MexicGv; valued at $9.40 each,/and:15,854: from Canack, at $111.10, 
:The_average of the dutiable horses was $52. 55. The exports of horses 
amounted to only $348,323; in number 1,610, averaging $216 each. 

TRANSPORTATION RATES. 

In the monthly statistical reports are published current freight rates 
of railway . and steamship transportation companies, to which the 
reader is referred for details of changes in rates of trans]3ortation. 

; These are the regular : schedules, but cannot indicate fully the rates 
actually charged, on accoimt of the special contracts, rebates, and 
other favors to individual shippers, which are private and conii- 

. dential.v \ ' \ ' 

In this report there is room only for a sample, scarcely a synopsis, 
of the rates published, sufficient to show the prices of the season for 
a few princij)al products bv lakes and carnal, and also by rail, from 
Chicago, by one of several lines, and from New Yorlr to Liverpool by 
a single line of several regularly reported ^i 
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Canal freiglii on wheat and corn from Buffalo to New York during the season of 
- ■ ■ - - 1884, 1885, and 1886. . 



Date. 



May 7 ... 
May 10 ... 
May 17 . , , 
May M .. . 
May 31 ... 
June 7 ... 
June 14 . . . 
June 21 . . . 
June 528 .. . 
July 5 ... 
July 12 ... 
July 19 . . . 
July 26 .. . 
August 2 . 
August 9 , 
August 16 



1884. 



1885. 



3^ 
2J 

3 r 2 J 
3J 3 

31 . 3i 



Date. 



August 23.. . 

August 30 . 

September 6 . . 
September 13 . 
September 20 . 
September 27 . 
October 4 .... . 
October 11 ... . 
October 18 .... 
October 25 ... , 
November 1. . . 
J^ovember 8. . . 
November 15. . 
November 22. . 
November a4. . 



1884. 



1885. 



5i 
M 
51- 
6 

5i 

5-i 

4i 
4^ 

5f 
5 

4i 
4i 
6 



Average. 



May,. 



Jiine. 



July. 



August 



Septem- 
ber. 



Octo- 
ber. 



Novem- 
ber. 



Wheat 3.8 

Corn... 3.4 

1885— Wbeat , 4. 3 

/Corn 3.8 

1886— Wheat 5, 8 

Com..............;. - 6.9 



3.4 
3.1 
3.2 
3.0 
8.8 
3.4 



3.2 
3.0 



4,0 
8.5 



4.2 
3.8 

3.4 
5.8 
4.8 



4.7 
4.2 
3.5 
3.3 
6.1 
5.6 



4.1 
3.7 
5.4 
4.9 



4.7 
4.3 
4.4 
4.0 
5.3 
4.8 



Lahe freight on wheat and com from Chicago to, Buffalo during the season of 1884, 

1885, xmd 1886.- 



Date. 



May 7 , 

May 14 ............ 

May 32 

May 31 ............ 

JuneT .... .\. 

June 14 ........ 

June 22 ............ 

June 30............ 

July 7 .... .... 

July 14 . 

July 22 

July 31 . . ... . . . ... 

August 7 . 

August 14 ..... , . 



1884. 



1885. 



Date. 



August 22. . ... ... 

August 30........ 

September 7 .... . 

September 14 . . . . 

September 23 ... . 

September 30 

October 7 

October 14 

October 22 

October 31 . 

November 7 

November 14 

November 22.... . 
November 29. . . 



Average. 


. May. 


June. 


July. 


August. 


Septem- 
ber. 


Octo- 
ber. 


Novem- 
ber. 




2.2 


2. 2 


2. 0 


1.9 


2.1 


2,0 


2.8 




2.0 


2.0 


1.7 


1.6 


1.9 


1.6 


2.1 




2.1 


1.4 


1.5 


1.9 


1.7 


2.3 


3.0 




1.8 


1.3 


l;3 


1.6 


1.4 


2.2 


2.8 


188&--Wheat 


3.1 


2. 8 


2.8 


3.3 


4.6 


4.7 


4.6 




3.8 


2.6 


2.5 


3.0 


4.4 


4.4 


4.4 



1884. 



186.5. 



I8S6. 



3 

Si 

5 

4i 

3f 

4h 

4i 

4i 

4i 

4 - 

4i 

4ir 

4 
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Bates ff 0771 Ohicago to Neiv YorJc ^upon certmn products^ as reported by the several 
. triirik. lines, lipon the 1st 







January 




Ifebruary— 


March- 




April— 
































Articles. 
































1884. 


1885. 


1886. 


-1884. 


1886. 


1886. 


1884. 


18S5. 


1886. 


1884. 


1885, 


1880. 


Cattle, 0. Jj. . . .per 100 lbs. 


|0 60 


$0 40_ 


$0 35 


SO 60 


$0 40 


go 25 


$0 60 


SO 40 


00 35 


SO 60 


$0 40 


- 

$0 35 


lloraes, (J. Jj . . . . . . 


. do . . . . 


60 


60 


60 


60 


60 


60 


60 


60 


60 


60 


60 


60 




do.... 


60 


50 


26 


60 


50 


35 


60 


5D 


45 


60 


50 


45 


Hogs, 0-L ........ 


.do.... 


35 


30 


30 


35 


30 


30 


35 


oO 


30 


20 


26 


30 


Dressed baef , 0* Ij 


..do.... 


64 


70 


m 
m 


64 


70 




ft/i 

d4 


70 


65 


64 


70 


65 




.do... 


30 


35 


80 


86 


25 


30 


26 


25 


15 


20 


25 






30 


m 


26 


80 


85 


25 


80 


25 


25 


30 


20 


25 


Potatoes, 0, L. 


.do.... 


3o 


30 


25 


85 


80 


95 


85 


80 


95 


20 


80 


25 


ToMcoo, O.Ii.,. .V 


.do.... 


" sri 


27i 


88 


87i 


32 


83 


B7i 


33 


38 


27i 


28- 


38 


Lard, a.L ......... 


.do.... 


35 


30 


80 


85 


30 


30 


35 


- 30 


30 


- 20 ' 


25 


30 


Pork, O.L ........ 


..do.... 


ab 


80 


80 


85 


30 


30 


- 89 


- 30 


- 30 


20 


- 25 


30 


Wool, ...... 


..do.... 


85 


60 


60 


65 


60 


60 


B6 


60 


. 60: 


-85 


60 


60 


Lumber, 0«X 


.do.... 


35 


35 


.86 


35: 


; 3g 


30 


35 




30 


30 


32 


35 












L J une— 




July- 




August^ 






























- Articles. 
































1884. 


1885. 


1880. 


1884. 


1885. 


1886. 


1884. 


1885. 


1886. 


1884. 


1885. 


18S0. 


dattie, C. L . . . .Tper l^lbs. 


SO 60 


|0 40 

V 60 


SO 35 


$0 50 


|0 30 


|0 35 


go 30 


$0 25 


$0 35 
60 


$0 30 


$0 25. 


$0 35 


Horses, O.L. 


..do.... 


■ 60 


m 


60 


60 


60 


60 


60 


60 


60 


60 


Sheep, O.L. ...... 


..do... . 


60 


50 


45 


60 


40 


45 


40 


40 


45 


40 


40 


45 

30 


Hogs.C.L......... 


..do.... 


20 


25 


30 


20 


25. 


30 


25 


20 


30 


- 30 


25 


I)ressedbeef,C,L. 


..do.... 


64 


70 


65 


48 


TO 


65 


4B 


43^ 


, 65 


48 


■ m 


65 


Grain.G.L ..... . 


..do.... 


15 




. S5 


' 15 


20 


35 


SO 


15 


25 


25 


20 


25 


Klom-, C.Ij 


..do..;. 


15 


20 


.1 


15 


£0 


- 25 


20 


15 


25 


. 25. 


20 


25 


Potatoes, 0. L „ . . . . 


..do...- 


20 


25 




.. yo 


25 


25 


. 25.. 


- 25" 


25 


. 30 


25 


25 


Tobacco, 0, L , 


..do.... 


27i 


28 


. 38 


27i 


2S 


-38- 


27i 


28 


38- 


27} 


24 


38 


Lard.CL 


..do.... 


20 


25 


80 


20 


So 


.30 


25 


25 


30" 


SO 


25 


30 


-Pork,O.L... ...... 


..do.... 


^) 


25 


SO 


20 


25 


SO 


25 


25 


30 


30 


" - 25" 


30 


WooI,O.L ........ 


..do... . 


85 


. 60 


60- 


85 


- 60 


.60 


85 


60 


60 


85 


60 


09 


LiimberjC.Xi . . . 


..do.... 


30 


80 


35 


ao 


30 


-25 


30 


SO 


25 


30 


30 


25 






September— 


October— 


November— 


December— 






























; , Articles. 
































1884. 


1885, 


188G. 


1884. 


1885. 


1886. 


1884. 


1886. 


1886. 


1884. 


1885. 


1886. 


Cattie,C.L , per 100 lbs. 


|0 20 


|0 23 


$0 35 


$0 20 


$0 25- 


SO m 


SO 20 


|0 25 


$0 35 


SO 20 


SO 25 


$0 35 


Horses, C. L . . . . . . 


..do.... 


60 


60 


: 60 


60 


60 


00 


60 


60 


- 60- 


60 


.60 


60 


Sheep, O.L ....... 


„.do.... 


40 


40 


45 


40 


40 


45 


40 


40 


45 


40 


40 


45 


Hogs, 0. L ....... : 


do . . . . 


30 




30 


80 


25 


SO 


30 


35 


80 


30 


80 


30 


Dressed beef , G. L. 


..do... 


33 


43f 


65 


82 


4Bt 


05 


82 


43i!: 65 


32 


-43i 


65 


Grain, O. L ... „ , . . 


.„do . .. . 


25 


SO 


25 


25 


SO 


m 


23 


20 


25 


25 - 


25 


25 


Flour, O.L........ 


..do. .. . 


25 


m 


26 


25 


20 


m 


25 


SO 


25 


25 


25 


-25 




..do.... 


.SO 




: m 


80 


26 


m 


80 


25 


25 


.30 


- . 25 


25 


Tobacco, C. L . . . . . 


.do... 


w 


m- 


m 


m 


28 


39 


. 273- 


28 


38 


27* 


28 


83 


Lard, ax... ...... 


..do.... 




25 


so 


m 


B5 


90 


30 


25 


30. 


SO' 


80 


30 


Pork,C.L. 


..do.... 


30 


25" 


m 


30 


25 


30 


30 


2-5 


30- 


30 


30 


30 


Wool, O.L 


..do.... 


- 85 


00 


60 


85 


GO 


60 


85 


GO 


60 


86 


60 


45 


Lumber, 0. L . a .. . 


..do.... 


30 


30 


So 


30 


30 


25 


35 


35 


30 


35 


35 


30 



Average cost per bushel for transpiOTting loheat from New York to Liverpool, from 

-^ - - . . .. 1860 1886, wlws^i^. . - . 



, Years. 



1880 ... 
1867... 
1868 . . . 
1869 
-^1870^.. 
1871.... 
1872. .. 
1873 . . . 
1874... 
1875 ... 
1875 .., 



Steamer rates. 



Pence. 
4.74 
5. 18 
7.18 
6.40 

: -5.78 

8. 10 
7.64 
10.56 
9.08 
8.07 

ao2 



Cents, 
9.48 

10. se 

14.30 
12.98 
11.56 
16.32 
15. S8 
21.13 
18. 16 
16. 14 

mo4 



Sailing-vessel 
raAes. - - 



Pence. 



9.91 
7.83 
7. 12 
?.64 



Cents. 



19.82 
15. 66 
14.24 
as. 28 



Years. 



1877 
1878 . . 
1870 . . 
IBa} . . 

1881 .. 

1882 . . 

1883 . . 

1884 . . 

1885 . 

1886 . . 



Steamer rates. 



Pence. 
6.93 
7.61 
0.20 
-5.88 
4.08 
3.87 
4.54 
3.40 
3. 60 



Cents, 
13:86 

I. 5. 23 
12.40 

II. -76 
8. 16 
7.76 
9.08 
6.80 
7.20 
6.92 



Sailing-vessel 
rates. , 



Pence, 
e.76 
7.09 
5.90 
5.10 
4.75 



6.00 



Cerits. 
13.69 
14. 18 
11.80 
10.20 
9. 50 



12.50 
10, 00 
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The folloiving are the pHees paid for ea7^T^^ grain from New York to Liverpool 
: : " during the years 1%%^ 



-\- Months. 


1884. 


- 1885. - 


: 1886. 




Pence. 


Cents. 


Fence. 


Cents. 


Pence. 


Cents. 




2. 35 


4.70 


5.00 


10 


3.75 


- n 




S.24 


4.48 


4. 50 


9 


2.50 


5 




1.56 


3.13 


3.00 


6 


-2.50 


6 




1.77 


3. 54 


4.00 


8 


3. 50 


: 7 




1.35 


2.50 


3.50 


7 


4. 00 


8 




3.06 


6. 16 


3.00 


6 


- 4.50 


9 




4.71 


9.43 


■ 2.75 




3. 00 


6 




4,68 


9.86 


3.00 




2.00 


4 




3-00 


6.00 


3. 50 


7 


3. 00 


6 




4. 00 


8.00 


4.00 


8 


4.00 


8 




S.70 


11.58 


4.00 


8 


4.25 


7 




6.37 


lg.74 


3.00 


6 


4.50 



Xnman lAne^New York to Idverpooh 





January— 


February— 


March— 


April— 


1864. 


1885. 


1886. 


1884. 


1885. 


1886. 


1884. 


1885. 


1886. 


1884. 


1885. 


1886. 


Wheat. . . . . . . . .per bushel. 


$0 03 
03 
80 

3 40 
(3 60 

< to 
(4 80 
C3 60 

< to 
U 80 

4 80 
84 
60 
OOf 

6 60 

6 00 

4 80 
(4 20 

< to 
(6 00 


$0 ID 

10 
72 

4 80 

>7 SO 

V7 20 

7 '20 
1 44 

96 

7 20 
7 20 

5 40 
i 80 

to 

6 00 




|0 08 
08 
48 

3 60 

6 00 

6 00 

7 20 
1 08 

84 
001 

7 m 

7 SO 

5 40 

4 80 
to 

6 00 


|0 09 
09 
48 

3 60 

5 40 

5 40 

6 00 
96 
66 

m 

5 40 
0 00 

4 60 
3 60) 

to } 

6 QOS 


$0 05 
05 
36 

2 40 

3 60 

3 60 

4 80 
72 
48 
OOJ 

4 80 

im 

4 20 
4 So| 


SO 04 
04 
36 
3 40 

3 60 

3 60 

-4 80 
72 
48 
001 
6 00 

4 SO 

4 80 
3 60 
to 

6 00 


SO 06 
06 
48 

3 60 

8 60 

,3 60 

4 80 
60 
48 
OOf 

5 40 

4 80 
4 80 
1^ 80 


|0 05 
05 
36 

2 40 

3 00 

3 00 

4 20 
60 
36 
OOJ 

4 20 

4 20 

3 60 
)3 60 
> to 
54 80 


|0 04 
04 
24 
1 80 

3 00 

3 00 

4 20 

- 48. 
30 

m 

6 00 

4 20 

4 80 
3 60) 
to > 
6 OOi 


go «B 
OS 
48 

3 60 

4 20 

4 20 

5 40 

84 
60 
00# 
B 40 

B 40 

4 80 

4 8a| 


so 08 
08 

- 48 . 

3 60 

4 80 

4 so: 

6 00 
. 84 
60 
OOf 
4 80 

6 00 

4 20 

4 20 
to 
6^0 


Flou^* ............ .per bbl. 

Flour (ill sacks) . p;2,240lbs. 




Lard .do,... 








Pork. per bbL 

Hops ......... ; . . . per lb , 




tOLtiX (in smaU packages) 
....^...V.,.iperS,340ibs. 
T 0 b ac c 0 (in : c a s e s) 

M e a B u r © in e itt per ton 
Btimage . , per cmt . , 




' 5 


5 




5 


5 


5 


5 


5 


5 


5 


.5; 


6 


Articles. , 


May— 


JuJlfr- 


_ July- - 


August— 


1884. 


1885. 


1886. 


1884. 


1885. 


1880. 


1884. 


1885. 


1886. 


1884. 


1885. 


1886. 

30 04 
04 
36 

2 40 
. 3 60 

3 60 
6^00 

60 
43 
001 

4 30 

4 SO 

3 60 

3 60 
to 

4 80 


FloLir per bbl. 
Flour (in sacks) .p. 2,240 lbs . 
Bacon ... . . . ,do. . . , 

Lard (in, small packages) 
T 0 b a e G o (in c a b e s) 
Measurement per ton, 40 

Primage . . per cent . . 


$0 03 
03 
M 

1 80 

2 40 

2 40 

3 GO 
48 

m 

004 
5 40 

S 60 

3 60 

4 8o| 


|0 07 
07 
43 

3 10 
4. 80 

4 80 
0 00 

84 
60 
OOf 

5 40 

6 00 

-4 80 
4 20 
to 

6 (K) 


|0 08 
08 

43 

3 SO 

4 80 
4 80 
6 00 
. 84 

60 

4 80 

8 00 

4 20 
8 60 
to 
4 80 


|0 05 
05 

36 
S 40 

4 20 
•4 20 

8 40 
72 
54 

m 

5 00 

7 20 

4 80 
4 80 
to 

6 00 


10 06 
06 

36 
3 00 
3 60 

3 60 
6 00 

72 
48 
OOf 

4 80 

6 00 

4 80 
3 60 
to 
6 00 


SO 10 
10 

&4 

3 60 
6 00 

6 00 
8 40 

96 
- 73 
OOf 

4 ^ 

7 20 

4 20 

3 60 
to 

4 80 


$om 

07 

36 

3 00 

4 20 

4 SO 
8 40 

84 
60 
01 
6 00 

8 40 

5 40 
4 80 

to 

6 00 


^05^ 
05i 
86 
3 00 
3 60 

3 60 
7 20 

60 
48 
OOf 

4 80 

6 00 

4 20 

3 60 
to 

4 80 


$0 06 
06 
42 

3 60 

4 80 
4 80 
7 20 

84 
48 
00| 
4 80 

.7 20; 

4 20 

3 60) 

to y 

4 80i 


SO 11 
11 
00 
3 90 

7 m 

7 so 

9 60 
1 20 
84 
01 

8 60 

5 40 

6 00 
6 00 


^ 06 
06 

: 48- 

S 60 
3 60 

3 60 

7 m 

72 
54 
00| 

-4.80 

em 

4 so 

4 8o| 


5 


5 


5 


5 


5 


5 


5 


6 


5 


5 


5_ 


5 



440 BEPOET OF THE COMMISSION^^^ OB' AGRIC"ErLTURS. 



Inman Line— New York to Zfit^erpooZ—ContinuecL 





September— 


October 


— 


NOYember— 


December— 




























Articl6St 


- " : 


























1884. 


18S5, 


1886. 


1884. 


1885. 


- 1886. 


1884. 


1885. 


1886. 


1384. 


1885. 


18.Si3. 


WiisSit perl>usliel 


SO 06 


$0 07 


|0 OiS 


go 08 


$0 08 


go 08 


SO 10 


$0 08 


SO 08i 


$0 14 


ffi 05 


$0 m 


C\CiVY\ ~ ■■■ rlrt 


06 


07 


05 


08 


03 


- 03 


10 


08 


08i 

48" 


14 _ 


06 


09i 


Flom* psr bbi 


42 


36 


36 


48 


4-8 


48 


60 


60 


72 


36 


48 


Floiir(in sacks) . p 2,340 lbs . 


3 00 


3 00 


.2 40 


3; GO 


3 60 


3 00 


3 90 


3 60 


3 60 


6 00 


3 <J0 


3 60 




4 80 


4 m 


3 60 


6 00 s 


' 4 80 


4 80 


6 00 


7 20 


6 00 


fj GO 


6 OO 


6 60 


L^rd. do 


4 80 


4 20 


3 60 


6 00 


4 80 


4 80 


6 00 


7 20 . 


0 00 


9 60 


6 00 


6 00 


Cheese . ... ... , . . . , . do . , . , 


6 00 


7 20 


4 80 


7 20 


7 20 


6 00 


7 20 


9 GO 


7 20 


10 80 


7 20 


7-20 




S6 




60 


1 08 


84 


84 


1 08 


1 32 


OA 


1 6*^ 


1 08 


1 08 




72 


48 


42 


84 


60 


60 


84 


96 


72 


i 20 


- 72 


-84- 


Hops . . ;. . . . . , . . , , . per lb. 


01 


00| 




01 


_ 00|- 


OOi 


00| 


m 


OOf 


m 


m 


00^ 




5 40 


4 20 


4^ 


7 20 


4 80 


6 60 


7 20 


6 00 


6 00 


7 20 


4 80 


6 00 


Lani (in small packages), 




























6 00 


6 00 


4 80 


7 20 


6 00 


6 00 


7 20 


8 40 


7 20 


10 60 


7 20 


7 20 


T 0 b a c c o (in c a s e s), 




























4 80 


4 80 


3 60 


4 80 


4 80 


4 80 


6 00 


4 80 


4 80 


600 


4 80 


4 80 


Measurement per ton, 40 




3 60 


3 GO 


4 80 


a 60 


4 20 


4 80) 




3 60J 




3 60 


4 20 




4 8o| 


to 


to 


to 


to 


to 


to V 


4 8o| 


to y 


6 Ooj 


to 


to 






4 80 


4 80 


6 00 


4 80 


4 80 


6 00) 




4 80) 




4 80 


4 80 


Fdma^e. per cent.. 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


0 


5 



FOREIGN" TRADE OF SOUTH AMERICA. • 

Tke extent of the Sontlt American continent, its vast areas of pro- 
dtLCtiye lands^ and its proximity to the United States are considera- 
tions that affect not only our fnture trade^^^ our agriculture* Its 
condition hitherto is like that of North Ainerica at the time of our 
ReTolutionary /war; its practically- illimitable areas unoccupied, ex- 
cept yery sparsely/ if not by an ahorig population, by a Spanish- 
Indian element almost equally intractable and inefficient as subduers 
_ of nature to the uses of man. A small sprinkling of European immi- 
gration has giYen whatever of progress has been made. But a new 
era is dawning. Immigrants are of late pouring into the temperate 
sone, especially into the Argentine Republic, from Italy, Spain, and 
other countries of Southern Europe, literally by millions, bringing 
money, agricultural implements (the more enterprising ordering them 
from the manufacturers of the United States), knowledge of modern 
agricultural methods, and a good degree of enterprise and ambition. 
The rapid extension of railroads opens up new lands, on which agri- 
oultural GGlonies are Ideated, and wheat, flax, and other products are 
already largely grown, and seeking export. 

From this immigration, railroads connecting the fat pampas with 
salt-iwater navigatiohy and the enticing cheapness of these productive 
lands, a competition with our meat and wheat and wool may become 
more serious than any heretofore suffered. India is populous and un- 
enterprising^ with old and worn soils, sending only 5 to 15 per cent, 
of her wheat, and liable in any year to need it all to save her people 
from famine. The Argentine Republic has a virgin soil, few people 
to feed, and can soon send 50 to 75 per cent, of wheat produced to for- 
eign countries. India plows with a stick and thrashes with the hoof 
of oxen; the Argentine Republic and Chili are moving for the best 
steel plows and the finest American reapers and thrashers. Our com- 
petition in wheat is to be serious with South America, when appre- 
hensions of Indian competition yield to pity for her famine-strioken 
people, ; \ 
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llie external commerce of Soiitli America is increasing rapidlj. 
Cliili has nearly doubled lier volume of trade in ten years. In round 
numbers the advance from 1874 to 1883 inclusive has been from 
$32,000,000 to $73,000,000 in exports/and from $35,000,0 $50,000,- 
000 in imports. The increase in exports has been all in the last half 
of this period, making the favorable balance of trade a source of 
national prosperity. In the Argentine Republic the advance in ex- 
ports for the same period has been from $41,000,000 to $66,000,000, 
and of imports from $34,000,000 to $91,000;000. The agricultural 
implements and other merchandise brought into the country recently 
by immigrants as a part of their working capital, and paid for from 
money brought with them from other countries, does not represent 
indebtedness. This increase is all since 1881, as the imports of ' 1884 
were not exceeded in a single year until 1882, when an increase of 70 
per cent, resulted in three years. Uruguay shows an increase also 
from $15,000,000 to $24,000,000 in exports and from $17,000,000 to ; 
$20,000,000 in imports. Other countries have made variable rates of " 
advance, the exact data for which are not at present available. 

The United Sta;tes has as yet only a smaU share in this commerce. 
Great Britain has encouraged and ordered the establishment and sup- 
port of steamship lines and fostered railroad communication, and 
furnished capital for industrial development of these countries, 
especially the Argentine Republic and Cnili, and therefore controls 
their trade. The London Statist claims for this development a prom- 
ineht place in the consideration of British commercial circles, ^^as ; 
the bulk of the public debt of those States is held in this country, and 
as British capital has built and supplied the material of all the rail- 
ways finished and in course of construction, as well as for nearly all 
other industrial undertakings in the Argentine Rejjublic and Uru- 
guay." 

Our trade with all South American countries in the year ended 
June 30^ 1885, included a value of $65,289,956 in imports, and less 
than %alf as much in exports, or $27,734,857. Of the imports, the 
larger part, or $45,263,660, were from Brazil, and included 406,714,346 
pounds of coffee, worth $30,346,792. Thus we pay more for Brazilian 
coffee than the value of all exports to South America, and discredit 
-the commercial fallacy that all trade is barter, and that one country 
will not huy the goods of another unless it can sell its surplus prod- 
ucts in liquidation of the bill to that particular country. 

The foil owing statement of our trade in 1885-^86 is from the official 
records of the Bureau of Statistics of the Treasury Department: 
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Articles, 



Cocoa 

Cofiee... .. . ............... 

Cotton, and manufactures 

of 

Ouano ....... ...... . 

Fruits, including nuts ..... 

Hides and gking,other than 
fur sMUB 

India-rubber and gutta- 
percha, crude 

Oils, olive and other. . . . . . , 

Seeds,_ linseed, - fLasseed, 
. _ and other . ...... ... . .... 

Sugar and molasses . . . . . . . 

Tobacco, and manufact- 
ures i5f . 

Wool, raw, and manufact- 
ures of .................. 

Wood, aaid manufactures 
of 

Hair................. 

Paper-stock, crude 

Feathers and flowers . . . .,. . 

Cinchona 

i'urs, and manuf aotures 

- froba 

Hats, bonnets, &c , — , . . . 
Iron, steel, and manufact- 
ures of . . . ... ~. , . . .... . . . . 

Soda..; ............... 

Ivory.... — 

Dve-woods, and extracts 

of... 

Fertilizers...........:.... 



Dollars. 



1,183,765 

1,436 
361,086 
787 
36,318 



Oolpper 



otii©ra3l;loies..._. 
Total ...... 



274,794 



Dollars. 

214, 2ai 
26,384,160 

S,SS3,001 

6,894,639 
16 

1,653 
5,500,50: 



6,1S4 



5,022,346 



Dollars, 



m,410 



151,084 

68,145 
107,110 



768 
110 

^ 736 
11,670 

130,840 

- 15, 179 



19 

110,649 



41,907,53^ 



307,205 
1, §80, 048 
341, 98l 



136,441 



138 
100 



952,032 



33,824 
38,905 



1,183,845 



Dollars. 
98,775 
659,501 

374 



Dollars. 



Dollars, 
102,515 
4, SOB, 480 



3,094,945 



1,613 
83 
856 
85, 336 

1, 

- 50 
-31,239. 

155 
137 

1,327 

87 

186,563 
3,871 



gl,628 



3,008,921 



82,661 
509 



1,292,794 
21,011 



209, 629 
650 
10, 694 



120, 172 



147,459 



4,925,848 



II ; 

S-S - - 

O W 

^1 s 

-< - 



Dollars, 
588,633 
9,576 

773 

""i,'456 

421,573 

833,245 



134 



1,903,934 



18,560 

13,796 
47 
27 
1,991 
2,543 



15,818 



14, (KX) 
22,924 



180 
46,141 



5,791.631 



9,632 

112 

6 

. 70 
'9,' 837 



27 

" 6,798 
650, 8GG 
l,6Gi 

411 



Dollars. 

954,154 
31,261,707 

1,162 
33,661 
452,371 

11,090,642 

7,590,92?? 
16 

275,971 
7,411,944 

985 

2, 834,828 

163, 805 
678,270 
8,216 
49,959 
43,719 

102,424 
27, 15)3 

1, 602, 995 
142,725 



117 
145,680 



4,036,812 



42,385 
223,416 

63^768 
780 621 



65,875,43^ 



These imports are comparatiTely ti^^ from year to year. In 
tlie past year {1885-'86) tte value is $65,876,425, a very small increase 
over the previous year. All countries except Brazil and Venezuela 
show increase, and the decline in these is due to decreased value of 
coffee rather than diminished quantity. . The importation of 1884-' 85 
amounted to 406,714,346 pounds from Brazil, averaging about 7.5 
cents per pound; in the past year 392,058,002 pounds, at about 6,7 
cents per pound. Seven-eighths of all the coffee imported comes 
from South America. The sugar from Brazil was valued at 2.5 cents 
per pound. The value of the importation of the previous year was 
2. 1 cents per pound. 

The increase of wool imported is large, from $1,687,109 m 1884^'85 
to $2,834,828 in 1885-'80. The main increase is from Uruguay, and 
is caused hy a reduction in value of clothing wool from 14.3 cents to 
10.5 cents, which had the effect of increasing, receipts from 2,123,- 
040 to 12,362,329 pounds. Most of the receipts from the Argentine 
Republic were classed as carpet wools, and valued at 9.6 cents and 
9.4 cents; a slight decrease, accompanied by a slight ipcrease in quan- 
tity from 9,851,121 to 10,466,556 pounds, . 

It will be seen that the imports from Brazil are mainly coffee, rub- 
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ber/and sugar; of tlie Argentine EepulbliCj Mdes and wool; Cliili^ 
soda and wool; Colombia/ liides, coffee, rub^^ and cincliona; Uru- 
guay, hides and wool; Yenezuela, colfee and hides. Coffee repre- 
sents half the value of imports; hides, one-sixth; sugar and india- 
rubber each over one-tenth; wool and soda, some millions of dollars, 
and the other articles a comparatively small amount. The large 
item in the column for Other countries/' $050,886 is for 42,367,498 
pounds nitrate of soda, and is from Peru. 



Exports to South America in lSS^[d6 and 1885-'86. 















1885-'86. 




Countries/ 


































Domestio. 


Foreign. 


Total. 


Domestic. 


Foreign. 


Total. 


Argentine Republic . . 






$849,475 


$4,676,501 


14,331,770 


1393,876 


14,725,646 






7,358,0Si> 


59,258 


7_,317,298 


6,480,738 


60,478 


6, 541, 216 






g, 192,072 


18,835 


2,211,007 


1,973,548 


10, 058 


1,983,606 


EVenoh Ouiana ... . .\ . . 




107,490 


3,353 


110, 844 


105, 719 


3,438 


309,157 






1,031,6(18 


9,049~ 


1,640, G57 


1,554,726 


29, 568 


- 1,584,294 






y!')6, 667 


2,35:1 


: 209,018 


293,071 


4, 247 


297,318 






785,079 


o;is6 


742, 105 


798,577 


15,120 


818, 697 






5, 397,412 


185,957 


5,583,369 


5,294,798 


185, 659 


5,480,457 


Uruguay .......... . . . . 




1,601,759 


80,684 


1.682,443 


1,110, 545 


110,581 


1,221,076 






2,992,908 


50,641 


8,043,609 


% 695,488 


87,842 


2,732,830 


Other countries .... . . . 




4i5, 568 


_ 3, 448 


428, Oil 


638,343 


4,851 


642,694 






26, 907, 181 


767,076 


27, 784, 857 


25, ^^r7, 333 


854,668 


26,131,991 



Among the products of our agTiculture exported, as above, during 
two years past the following are the principal: 



^Products, 


Brazil. 


United States of 
Colombia. 


Venezuela. 


Total for Southr 
America. 




1884^'8&. 


1885-^86. 


1884-'85. 


1885-^86. 


1884-^85. 


1885-^86, 


1884-'85. 


1886-'86. 


Wheat ... . . .bushels. . 

Flour . . . .barrels . . 

Apples ........ .do. . . . 

Hams ... ....... do. ... 

Tobacco. . . . , . .do. . . . 


23,861 
674,230 
2,103 
24, 100 
309,651 
1,961 
89,718 
439 
13,248 


4,995 
543, 499 
1'.796 
27; 950 
378,718 
9,501 
185, 228 
786 
53,649 


""6i,'366" 
1,390 
733, 148 
44,409 
346,859 
467, 662 
342,039 
301,810 


606 
64, 714 
1,477 
681,898 
48,053 
345,158 
460, 271 
338, 165 
416,689 


3,372 
143,064 
789 
59, (X)8 
6, 550 
- 284, 259 
468, ^^5 
30,716 
113,^7 


1,853 
-137,085 
1,526 
29, 680 
13,896 
261, 612 
426,605 
28,043 
163,611 


27,233 
1,029,233 
5, 002 
2,421,161 
541,766 
929, 619 
1,247,124 
585, 933 
2,583, SaS 


7,871 
- 882,074 
5,681 
2, 811,328 
533, 792 
865, 666 
1,237,964 
-562,680 
3,015,594 



The exports of agricultural implements to South America were as 
follows: 



Countries. 


1884-'85. 


1885-'86. 


Argentine Republic ... 


S320,912 
14, 613 
71,965 
2,188 


1591,588 
' - - 16,848 

8i,or>a 
2,533 






United States of Colombia ...... ...... . . 




8,540 
157,827 
2, 548 


6,652 
51^653 
■ 1,817 

1,641 




Venezuela „ . ... 


other Countries ... . . 


7S6 






578,879 


768, 637 





Textile manufactures, lumber, carriages, and other products of in- 
dustry comprise the other exports to South America. 
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The foEowing taMe of tlie \'oltime of trade, the total 

Talue, inciuding "bnllion and specie, of imports for home - consump- 
tion and exportg of ^^^^ 







Imports. 


Exports. 




Years, 


Pesos 
nacionales. 


Dollars. 


Pesos 
na<3ioiiales. 


Dollars. 


1S74... ..v..:. 




54,(K)2,365 
53, 814, 190 
34,807,550 
-39,027,495 
42,227,4;35 


43, 105, 000 
50,331,000 
48,091.000 
44,770;000 
37,524,000 


41,596,325 
-48,569,415 
46, 407, 815 
43, 203, 050 
36,210, 660 


1875:.......;.................. 


55,766,000 
36,070,000 
40,443,000 
43,759,000 


1876:.;....;: ............:......;.....;. 


1877, . : . . . . ... ........... .... . . ... . . : 




46, 364, 000 
4.5, 536, 0(X) 
55, 706, 000 
61,246,000 
80,436,000 
94,056,000 


44,741,200 
43,942,240 
53, 750, 290 
59, 102, 390 
77,620,740 
90,764,040 


49,358,000 
58,381,000 
57, 938, 000 
60,389,000 
60,208,000 
68,030,000 


47,630,470 
56,337,665 
56,910,170 
58,275,385 
58,100,720 
65,648,950 

■ 


1881 ... . . . ; . ... . ; . 

1882. . ; . . . ;. ... 

1883. ...... ; . . . . . . 


1884. ; , : . . ... . . . . . .... . . ,1. V . . . . 



V The: following statement of exports of hides and skins from the 
Argentine Repuhlic i& made on the authority of Consul Baker for 
the latest years reported: v' / ■ 



Articles. 


1883. 


1884. 


Quantity. 


Value. 


Quantity. 


Yalue. 


Dry ox n,nd cow hides . . . =. . . . , . ...... .-. ...... number . . 

Salted ox and cow hides. . . . . ... . ................. do ... 

Dry horse hides . . ". . . . . .... . ; . .-. . ... . .do. . . . 

Salted horse hides ........ .. . .... .... ...... . do. . . . 

Sheep-skins .kilograms. . 

Goat-skins . ; . . . . . . . . ;. . . . ,do . . . . 

Carplncho-skins . . . ; .... ; .number. . 

Kutria-skins. . . . . , . . . ..;... , ............ . .kilo^ams.- . 


- 1,392,498 
. 517, 2ro _ 
38, 211 - 
221,150 
26, 504, 019 
8^^0,900 
.22,701 
491,217 


|5, 255, 927 
2,890,443 
57,4.50 
540, 912 
- 5, GS5. 830 
940,470 
22,704 
392,770 
65; 960 


1,700,905 
642., 804 
72, 325 
209, 126 
24, 938, 623 
931,670 
35,143 
407,549 


$5,894,306 
2,923,603 
134,702 
413,963 
5,484,952 
1,017,046 
17,572 
244, 405 











: uruguay. 

The total values, including bullion and specie, of imports for home 
coBsumption and exports of domestic produce for each year are as 
follows: " : 



Years. 


Imports. 


Exports. 


Pesos 
fuertes. 


Dollars, 


Pesos 
fuertes. 


Dollars. 




17,183,000 
12,431,000 
12, 800, 000 
15,046,000 
15, 923, 0(K) 
15,950,000 
19,479,000 
17,919,000 
18,175,000 
20,332,000 


16,580,630 
11,995,015 
12, 3SS, 000 
14,519,390 
15,370, 520 
15,391,750 
18,797,235 
17,291,835 
17,538,875 
19,610,730 


15,245,000 
12,694,000 
13,7'S7,000 
15,899,000 
17,492,000 
16,646,000 
19,752,«>0 
20,229,000 
22,063,000 
25,222,000 


14,711,425 
12,240,710 
13,246,555 
15,342,535 
16,879,780 
16,003,390 
19,060,680 
19,520,986 
21,290,795 
24,339,230 


1878.;. i.....; 

18r7...... 


1878. 


1879............ 


1880. ... . . ;. 


1881......:.......................... 


1882. 


1883. ... . . . . . . . . .... ....................... ... . . . ... , . . 
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CHILI. 



The toM values; inclTidiiip 
consnmption and exports of 
follows: ' - 



btillion and specie^ of imports for home 
doinestic produce for each year are as 



Tears. 



1874, 
1875. 
1876, 
1877, 
1878. 
1879, 
1380, 
1881 , 
1882, 
1883, 



Imports. 



Pesos 
f uertes. 



38,418,000 
38, 137,000 
35,391-000 
29,213,000 
25,217,000 
22,795,000 
29,716,000 
39,565,000 
50,992,000 
54,447,000 



Dollars. 



35, 



037, 236 
780,944 
185,392 
642,256 

997, 904 
789,040 
100, 992 
083,280 
504,704 
655, 6G4 



Exports. 



fuertes. 



35, 541,000 
35, 928,000 
37,848,000 
29,715,000 
31,696,000 
42,658,000 
51,648,000 
60,526,000 
71,210,000 
79,733,000 



Dollars. 



32,413,393 
32,766, 336 
34, 517, 376 
27, 100, 080 
28,906,752 
38,904,096 
47, 102,976 
65, 199,712 
64,943,620- 
72,716,496 



AROBNTINB REPUBLIC. 

The distribution of the trade of the Argentine Eepuhlic for 1884 
was as follows: 





Imports. 


Exports. 


Countries. 












Pesos _ 
naclonales. 


Dollars. 


Pesos 
nacionales. 


Dollars. 




8,869,000 


8,558,585 


6, 814. 000 


6,575,510 




1,105,000 


i; 066, 325 


2,000 


1,930 


Belgiiim . . ... . , . ... ....... 


7,250,000 


6. 996, 250 


14. 880, 000 


14,359,200 


30,7,28,000 


20,652,520 


7,211,000 


6, 958, 615 




16,785,000 


16,197,525 


22,518,000 


,21,729,870 




4,702,000 


4;5a7,4;i0 


1,518,000 


1,464,870 




3,997,000 


3,857, 105 


1,804,000 


1,740,860 




7,456,000 


7,194,075 


4,065,000 


8,922,725 




2,338,000 


2,251,345 


1,462,000 


1,410,830 




6,683,000 


5,484,095 


2,111,000 


2,037, 115 


Chill . • 


12,000 


11,580 


2,082,000 


2,009,130 


Paraguay . . . ... . . . ... . . . . . . \ :.\ . ............. . . . ... . . . . . 


1,414,000 


1,864,510 


94,000 


90,710 


other countries. .. .... . . .... .... . . . ...... . , ..... ^ . . . , . . 


3,723,000 


3,593 695 


3,469,000 


8,347,585 




94,056,000 


90,764,040 


68,030,000 


65,648,950 



This table shows that Great Britain supplies the Argentine Repub- 
lic with 'about one-third of its needed merchandise, and, notwith- 
standing this prominence in its trade and control of its land and 
water avelnies of transportation, takes less than one-fourth as large 
a value -of merchandise in return. France stands next in its propor- 
tion of the Argentine supplies, and though sending less than two- 
thirds as much as Great Britain, receives more than three times as 
much as that country, paying |5,000, 000 or $6,000,000 difference. 
Germany occupies the third place while the United States comes 
fourth, sending goods valued at more than $7,000,000, and receiving 
in return little more than half as much, simply because there hap- 
pened to be a demand for agricultural implements and other Amer- 
ican products. 
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pfrom No. 12 Britisli Statistieal Abstract Foreign Countries,] 



Gountries. 


Imports. 


Exports. 


Pesos 
fuertes. 


Dollars. 


fuertes. 


Dollars. 


Holland .- , . . ... ... — ... 


2,030,000 
115,000 
59B, 000 
5, 515, 500 
3,191,000 
2, 093. 000 
45,000 
1,814,000 
1,174,000 
234,000 
99,0(X) 
S,213,CK)0 
744, 000 
&^,000_ 
58G, 000 


1,658,950 
110, 975 
575,140 
5, 331,975 
3, 308, 815 
2,019,745 
4;i, 4g5 
1, 268, 010 _ 
1,133,910 
216, ICO 
95,535 
2,135,545 
: 717, 9(50 
80,095 
565,490 


689,000 


664, 885 


4,671,000 

4, 831.-000 
4.S3l,000 

: 23o:ooo 

Bu,000 
3ia,0Q0 
2,187,000 
1, 076, 000 
.47,000 
3,353,000 
2,056,^000 


4, 700.515 

- 4, 661-.' 915 
4. 082, 9] 5 
2^1,950 

806,870 
2,110,455 
1,038,840 
45,355 
3,3S4,6B0 
1,984,040 


Uiiitecl Kingdom. , .> . ......... ... . . 

Ftaiice:. ._ — 


Italy... V...... 

United States. . . .... ... . . . . . . . 

; Arsentine Bepublic .i .... . 




1,268,000 


1,323,620 


Total of principal and other countries . . . , . . .... . 


20,383,000 


_19,610,730 


25,332,000 


24,339,230 



The impGrts of Uruguay are obtained from Great Britaiiiy France, 
Brazil^ Spain^ Germany^ Italy; tlie United States, tie Argentine Ee- 
public, in the order named, and in smaller proportion from a few 
other countries. The exports are greater than the imports, : and 
the principal buyer of these products is Belgium, a country that 
contributes one-tenth as much as Great Britain to the volume of 
Uruguayan importation, France, the United States, Brazil, and the 
Argentine Republic also receiye more _ than they send to Uruguay, 
while Great Britain,^ Spain send more than 

they receive, the latter two in riauch larger percentages of diffierence. 
The immigration of representatives of the race accounts for 

this disproportion. 



CHILI, 
1883. 





Imports. 


Exports. 


Countries. 












Pesos 
fuertes. 


Dollars. 


Pesos 
fuertes. 


Dollars. 




10,010,000 


9,134,592 


4,811,000 


4,387,032 




213, tXX) 


194,256 


190.000 


173; 2H0 




21, 638; 000 


19,733,856 


58, 9H;J. 000 


53,773,344 




8, 9^io.-000 


- 8, 148,720 


0,209; 000 


- 5,009,00s 




420, 000 


3S3,.040 








531,C1C0 


- 484,272 






United States^, — 


3,601,000 


3, 284, 112 


1,667,000 


1,520,304 




693, 000 


632,016 


129,000 


117,648 




3, 617, 000 


- 3,298, 704' 


3r?S,000 


204,576 




434.000 


396,808 


- 317. 0(» 


289,]()4 


lOeuador . . . ........ . : . . . , . . .... 


27';3, 00f> 


248, 064 


39r;,ooo 


3fl8,4i6 




3, .533, 000 


.3,222,096 


-4, 111, COO 


^ 3,749,332 


Colombia . . . . ..... . . ..... . : . . . ^ . . . .... . . . . . ^ -. 






77y. 00a 


- 704; 064 


Cape af Good Tlope. ............ ...... . . i . .... . .... . 






18,000- 


-16,436 




"""544.! 666" 


**' "496,128" 


1,831,000 


1,669,872 




54,447,00) 


49,655,664 


79,733,000 


^ 72,716, 496 
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; Cliili exports more than enongli to pay for imports. Great 
Britain is again most promiiient in the trade; but while almost mo- 
nopolizing tlae exports, taking nearly three-fonrtlis of the whole, she 
supplies less than four-tenths of the requirement of imports, the dis- 
proportion being $54,000,000 to $20,000,000 and pays $34,000,000 cash 
toyond receipts for the goods supplied to the CM 

Grermany and France come next in prominence of supply, and both 
buy less than they sell, taking orders for goods brought through 
British mails on British steamshi;ps/ which bear away the produc- 
tions of Ghili. As in other countries, there is no necessary relation 
between the exports and imports exchanged between countries and 
generally marked inequality in the record, each buying what is 
needed most and selling to countries that need most the goods that 
are for sale, paying in cash and neTe 

The rate of increase of wheat exportation from Chili and the Argen- 
tine Republic is more signiiacant than the quantity of it. Until 1883 
only Chili was separately mentioned in the British official publication 
of wheat importation. It is not large now, but increasing, with 
abundant opportunity for a tenfold increase in the near future if 
agricultural enterprise should take this direction strongly. Exami- 
nation of these records shows that South American wheat receiyed 
into Great Britain in the past two years was as follows in quantity 
and value: . 



Oountries. 


1884. 


1885. - 


Bushels. 


Value. 


Bushels. 


Value. 


GMli...... 

United States of Colombia 

Brazil , , V. 

Uruguay . . . . . . . , . . . . ... .... ^ , . ] . [ [ [ \ 


1,971,133 
393,829 
79/708. 
66,050 


$3, 138, 305 
424,962 
86, 356 
-64,703 


3,029,324 
623,831 
144,465 

24,024 


S3, 109, 543 
585,026 
138,306 

28,359 



The cotton imports into Great Britain from South American coun- 
tries, as recorded in official reports, are as follows : - - 



Countries. 


1 


88t 


1883, 


1888, 


1884. 


■ 1885. 


Quanti- 
ties, 


Value. 


Quanti- 
tieSo 


Value. 


Quanti- 
ties, 


Value. 


Quanti- 
ties, 


Value. 


Quanti^ 
ties. 


Value. 


U. S. of Oo- 
iombia. . . 
Peru ....... 

Brazil.. . . , . 
Venezuela.. 
Ecuador... 


Cwts. 
-.32,600 
35,749. 
12,169 
358,262 
118 
12 


- £. 
115,342 
129,664 
36,343 
1,065,504 
331 
34 


Cwts. 
21, 981 
37,958 
20, 677 
482, 611 
240 
3 


£. 
91, 825 
137, 531 
70,924 
1, 510, 432 
672 
18 


Cwt^. 
13,837 
37,743 
13,544 
438,919 


B. 

59,766 
132,033 
46,544 
1,291,798 


Cwts. 
12,364 
27,230 
12,263 
353,782 


£. 

50, 981 
92,607 
44, 138 
1, 033, 429 


Cims. 
10,749 
36,238 
13,931 
322,058 


£>. 

36,427 
121,495 

47,863 
916,451 






75 


259 







RAILROADS. 



The railroad enterprise of South America is in its infancy. Peru 
opened its first line in 1851, Chili in 1852, Brazil in 1854, and the Ar^ 
gentme Republic m 1864. Much more than half of the present mileage 
has been built within ten years. In 1877 the aggregate was 4 558 
miles; in seven years, up to the end of 188-4, it was 9,835 miles' an 
increase of 4,207 miles, or 92 per cent. The increase of the past year 
IS not at hand. The details are as follows; j 
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Countries, 


> \ 1877. " 


: 1884, ; 


Increaseef 
miles. 


Kilometers. 


Miles. 


Kilometers. 






103 


64 
91 


243 
164 
84 
6,116 
4,576 
431 

72: 

2, 275 
1, 852 


151 
102 
21 
3,800 
2,843 
208 
45 
1,414 
1,151 


- - 87 
11 
21 
2, 184 

1^51 
34 

.404. 




147 


Brazil ... . . ............................ • • ■ ■ 

Paraguay. .V. . V. . . . . . . . . v . .V. ^. . v..\ ...... . 


3,600 
2,240 
376 
72 
1,625 


1,616 
1,392 
234 
45 
1,010 


BoliYiat ......... — ^- , ... ^ .... . .;. ..... 


13Q 
41 


81 
25 




64 


40 


- 15 


tr,834 


$4,558 


15,826 


9,835 


$4,307 



♦The record of Peru»is incomplete as to 1877. 

t The district in Bolivia in which th^e roads are situated has become a part of Chili. 

i Exclusive of Peru. ; 



Wkile the increase since 1877 is little more than that of the United 
States for the past year, the advance is very rapid, and the future ac- 
celeration may be more striking if immigration from Europe con- 
tinues. Already the mileage is near to that of India, and may soon 
he quite in advance of that populous Empire. The raihyay mileage 
of the world was in 1884 292,166 miles, of which the United States 
had 125,378, and at the end of 1885 our mileage was 128,966, 

The increase of mileage in 1885 and 1886 has been large, though 
not given in the table above. The London Statist si^btm that there 
are 5,600 kilometers completed in the Argentines, and additional lines 
of equal extent in course of construction. The great railway cen- 
ters are Buenos Ayres and Rosario. The Great Southern line leads 
to Bahia Blanca, and the borders of Batagonia; another runs to Ro- 
sario. From Rosario the Great Northern and Tucuman leads north- 
ward, and is to be extended tof Bolivia; From Mercedes the Trans- 
Andine line is to be extended to -Valpara^^^^^ on the Pacific coast, con- 
necting transportation of the Pacific and Atlantic. Other lines are 
to connect Entre Eios, Corrientes, Santa F^, Cordova, and San Luis, 
■ In Uruguay a grand trunk-line system, with lateral branches, will 
: extend from Montevideo to the Brazilian frontier, thence to Itagui 
in Rio Grande do Sul, seeking the vast possibilities of traffic beyond. 
iThere is in operation already a stretch of 75 miles to Durasno. The 
In orth western of Uruguay is in course of construction. This occu- 
- pies a region above S alto, the head of navigation for sea-going ves- 
sels, opening a productive regi 

FARM ANIMALS OF THE WORLD. 

The following table embraces such statistics of farm animals as it 
was practicable to obtain for- each of the grand divisions of the world, 
but many countries are necessarily omitted for want of any trust- 
v>^orthy information from either official or private sources. It will be 
understood that the totals presented below for the severargrand divis- 
ions include only the countries^ and in a few instances parts of coun- 
tries, named in the table. The figures for the United States, Canada, 
the principal European nations, except Spain, the British colonies, 
and a number of other countries, ar© official. In other cases the best 
information obtainable from private sources has been used. . The 
returns for a f evf countries were not made in such a manner as to con- 
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form to the classification adopted in the table, goats, for example 
being m some cases included with sheep, mules with horses, &c' 
W here this is the case the fact is pointed out in a foot-note 



Coimtries. 


Years. 


Cattle. 


Ilorses. 


Mules and 
asses. 


Sbeep and 
lambs. 


Swine. 


Groats. 


NORTH AMERICA. 

United States . . . . . . . . . 


1887 


48,033,833 


12,496,744 


2, 117, 141 


44,759,314 


U, 612,836 




Canada: 
Ontario and Quebec . 
Is ova Scotia. ..... . . . 




1881 
1S81 
1881 
1881 


3,732,50C 


864, 15G 
57,167 
52, 975 
16,739 
31,335 




2, 249, Oil 


1,030,121 




Manitoba . ...... 


3;i5,60S 
212, 560 
CyO,2Si 




377,801 
221,163 
6,073 
166,496 

- 27,78>8 
3^16 


47,256 
53 067 
17,' 358 
40,181 
16,841 
2,775 




Prince Edw. Island . . 


1881 






... — ...... 


British Columbia. . . . 
Tlie Territories . .... 


1381 
: 1881 


80,451 
: 13, 872 


26, m 
10, m 






Total. 


1881 


3,514,980 


1,059,358 




3,043,678 


1,207,619 




Newfoundland ....... . . 

Jamaica 

Nicaragua 

Cruadaloupe . . . . . 

riuatemaJa h,.... ., 


al8r5 
1885 
?188^1 
?1880 
-1884 


lo.oas 

180,532 
400,000 
9; 615 
441, 207 


4, 057 
62,845 

" " " * 5,"988 
10?',187 


''"'"'7,"6i9 
6'41 366 


28,766 
13,390 

"is," 690 
417, 577 


ci6,41? 
14,116 




Grand total .... . 




52,544,214 


13, 736, m 


2,166,126 


43,281,415; 45,840,988 


14,709 


SOUTH AMBRICA. 

Ari^entine Republic . . . 
Falkland Mands 


^1885 
1885 


18, GOO, 000 
7,934 


5, 000, 000 
3,009 

"""480,' 686 
291,603 


d800,000 


75, 000, 000 
516, 975 

""is," 921, "069 
e3, 490, 503 


250,000 


dS, 000, 000 


Paraguay 

Uraf^uay 

Venezuela ............. 


1882 
1884 
1883 
* 


500, OGO 
5, 952,349 
2,926,73;3 


" *c5, 742 
906,467 


"""ioo," 666 

976,500 


"""""'5,' 656 






27, 387, 016 


5,775,308 


1,512,209 


94,928,007, 


1,336,500 


0, U05, ODD 


EUROPE. 

Austria-Hungary : 
Austria 


1880 
1880 

laso 
mi 

1885 
1883 


8,584,077 

5,311,378 
1,382,815 
1,470,078 
13,104,970 
15,78(5,764 


1,463,283 

2 078 528 
'271' 974 

347,561 
Sr2,911,392 

3 522 545 


49,618 

33 746 
10' 120 
/282 
625, S47 
9,795 


3,841,340 

9,838.133 
365; 40(1 

1,-548,613 
23,616,547 
19,189,715 


3> 731, 541 




Hungary, including 
_ Croatia and Sla- 


1^006,675 


Belgium .............. 

Denmark . . . ^ ..... , , , . . 

France. .. . . . ^ . . . . . 

Germany . . . . . . . . . ... . 


4,160,127 
646, 375 
5^,417 
5,881,088 
9, 206, 195 


333, 233 
248,755 
9,331 
1,483,342 
2,639,994 


GreafeBritain and Ire- 
land; 

Great Britain : . . . . . . 

Ireland..... 

Isle of Man, <S:cf. , . . . . 


1886 
188G 
1886 


6,646,683 
4, 1M,027 
43, 101 


1,42.5,359 
492,831 
9,337 




25,520,718 
3,367,722 
66,800 


2,221,475 
1,263,133 
12,557 


- - 


Total.......;,.,. 


1886 


10,872,811 


1, 927,527 




25,955,240 


3, m, 165 




Greece/i .............. 

Italv.................. 


tl877 
M881 
1884 


279,445 
4,783,232 
1,474,412 

6.24, 658 
2,376,066 
23,845,104 


: 07,176 
X-6G0. 123 
269^074 


142,835 
^908,114 


2,9.21,917 
8, 596, 108 
752,949 
2,977,4.54 
4,654,776 
47,508,966 


^179,162 


1,836,663 
2, 016, 307 
156,255 


Netherlands ...... 

Portugal.... ...... 


1,163,916 
426, 914 


1870 
ml884 




Roumania . ... . . . . . ... 

Russia in Europe n. . . . 


' " 6d6, 666 




971,085 
2,310,000 
9,207,668 


936,86a 


1883 


20,015,659 




1.374. S05 



a ine ngures as to hogs m Newfoundland are for 1889. 

cmSes^lyf'^^^ live-stock in Guatemala at the same-time was estimated at |15,102,233. 
t^y,^?^^!^ and assesin the Argentine Republic, and those as to goats in the same coun- 

e Goats are included with sheep, 
/Asses only. r - 

o Exclusive of about 70,000 horees in the 

r The figui^s ais to swin* in Greece are for 1875 
/c The figures as to horses in It^ly are for 1883 ' 

^SclJi^e^f PoTanr'^^ ^""^ ^"" ^"^^ ^ Roumania are for 1880. 

29 AG— '86 
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Countries. 



Years. 



Cata©. 



Horses. 



Mules and 



Sheep and 
lambs. - 



Swine. 



Servia. — ........... 

Spain ...... . . .... — 

Sweden and Norway: 

Sweden ....... . . . . . 

Norway...., — . .. 

Switzerland 

Tiirkeyia Europe : a 
Eastern Bounielia. ... 



Total Europa , 



ASIA, 

Russia -.5 

Caucasia. .......... 

Transcaiicasla — 
-India :"e 

Bladras ..... ...... . 

Bombay and Sind . . 

Punjab,. — . — 

Central Provinces . . 

Britisli Burmah . . . . 

Mysore. ........... . 

Berar, ........ — . 

Geylon ............... 

Japan....... ......... 



(c) 

1877-7 
1877-73 
1877-78 
1877-78 
1877-78 
1877- 
1877-78 
188-1 



Total. 



Algeria 

Cape of Good Hope i. . 

Natal 

Blauritius 7;; 

Orange Free State . 



Total............ 

. AUSTRALASIA. - 

Australia: 
New South Wales. . 

Yictoria 

South Australia. . . , 
Western Australia 
Queensland . . . . . . . , 

New Zealand .... .... 

Tasmania ..... . . . . . . 

injiMands .......... 



Total . 



OCEANIA. 

Tabiti aiid Moorea : . . 
: Grand total r.. . 



1883 
1878 

1884 
1873 
1886 

1883 



1880 
1875 
1885 
1884 
1881 



1885 
1885 
1884 
1885 
1885 
01881- 
1885 
1884 



826, 550 
_2,-35a,247 

3, 32?, 003 

1,016,61 

1,210,849 

" 37'0,8 



im, 500 



1,832,635 



476,008 
151,003 
_ 98,212 

43, 601 



c2,733 
33,415 



3,620,750 
16,939,r388 

1,410,177 
1,686,306 
.337,905 

1,858,839 



1,067,940 
3,348, 602 

476,889 
101,020 
394,330 

107,442 



1,000,938 



35,057,065 



179, 620, 423 



45,395,314 



1,816,200 

i,m,m 

/7,839,000 
j% 810, 000 
/6, 570, 000 

j%2m]m 

/i, 376, 000 
/3, 300, 000 
/I, 300, 000 
963,896 
-1,159,750 



309,0-00 
770,000 

39,500 
150,000 
- 137,000 
94,000 
5,800 
18,900 
33,500 
3,683 
1,640; 523 



f?128,CK)0 
gm, 000 
<?290,000 
■g^2,000 



(737,000 
9^17,000 



37,827, 846 



3,200,906 



584,000 



1,163,513 
1,329,445 
000,984 
15,000 
m464, 575 



350,000 
241,342 
48,729 
212,000 
131,594 



3,573,517 



783,665 



1,270, 
i,265, 

: 3S9, 
70, 
4,162, 
: 698, 
138, 
4, 



^,944 



3,000 



227,336,475 



329, 983 
301,258 
168,4,20 

-34,392 
260,..'<J07 
161,730 

28,610 
pOlO 



1,285,216 



1,000 



59,839,329 



(P) 



7,971,489 



4,544, 300 
5,067,500 

4,600,000 
/i3, 300, 000 
;t3, 850,000 
M41,000 
/t20,000 

M,mo,m 

/<3oC,000 
- - 53,757 



250,000 



132,000 
102,000 
- 32,000 
2,700 



JM, 052, 557 



518,700 



6,922,218 
11,279,743 
. .535.482 

- 7i3O,000 
n5, 056, 301 



300,000 
132, 373 
23,419 
30,000 



23,89^,744 



34,551,622 
10,664,598 
6,006,406 
1,702,719 
8,994,322 
14,624,54" 
1,648,627 
5,869 



78,888,710 



3,000 



449,668,456 



485,792 



308,697 
237,048 
163,807 
24,280 
55,843 
200,083 
67,-" 



20,000 



94,544,447 



a There are no returns available for Turkey proper, and none for any of her tributary states except 
Eastern Roimielia. 

5 There are no retums for Asiatic Russia, except from Caucasia and a part of Transcaucasia. 

0 The statistics from the different parts of these Governments are not of uniform date, but were gath- 
ered within the ten years 1874-1883. - 

d These figures embrace statistics from the provinces of Bakou, Tiflis, Elizabethpol, Erivan, and 
Koutais. 

e This statement is exclusive of the Northwest Provinces and Oudh aiid Bengal, with several minor 

provinces and aU the native states except Mysore. - - . . 

/Bullocks, cows, and baff aloes. - . . . 
^ gf Asses only, - ^ - -- -- . . 

/i Goats are included with sheep, 

1 Including 317,733 cattle, 35,357 horses, 303,080 sheep, and 16,635 swine in Basutoland, 

^^ Approsimate statement. : - ; 

J Mules and asses are mcluded with horses. 

m Breeding-cattle. _ . • 

?2.Meriuoes. 

o The figures as to sheep and lambs are for 1885, 
^ Mules are included with horses. 
1 §"Angora goats. 

fS^ notes above for cas^ in which the figures given do not exactly conform to the classifica* 
Mon indicated in the caption at the head of the eohmm, as where mules only, or asses Only, are included 
imder the head of " Mules and asses,^' or where goats are included with sheep, &e. 
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WHEAT CR0P._QE::THE : WOELD- m 1886. 



In tlie folio wing table the figm^es; for Anstiia-H^ungary, France, 
Great Britain and Ireland^ Italy, Russia (except Poland), Sweden, 
and India^ as ^well as tiiose for tOie United States, are offioial; but 
only those last named and those for &reat Britain , and Irekind are 
the final estimates, unless those for India may be so considered. In 
the figures for Canada are included the ofiicial returns for Ontario 
and an estimate for Manitoba, based on the of&cial estimate of the 
area and rate of yield. These two proYinces produce D.early nine- 
tenths of the wheat crop of the Dominion; The figures for Austral- 
asia are official, with the exception of those for South Australia^ 
which are from the Adelaide 0&56rt;er. The countries thus far 
named furnish about four-fifths of the total product embraced in the 
table. 

For th§ Gountries credited with the remaining one-fifth the figures 
ara:anofficial, all except those for taken from a table 

-published in the J?c^o\4gr^cofe o 

The countries not included in the table are for the most part coun- 
tries in which wheat holds a very subordinate position among the 
staple food products, and which have no appreciable infiuence upon 
the general wheat trade of the world: 



Coxmtries. 



America: 
. United States 

Ganada................ — ... 

Afgentine Eepublic and Chili 
Surope: 

Austi-ia-Huhgary* . . ...... . . . 

Belgiuin...,..;.,. 

Denmark . . . . . 
-France ........................ 

German}^ ................ ; 

Great Britain and Ireland . . . . 

Greece 

. NeSieriands ..... ... . 

Partugal . ................ . . . . , 



Bushels. 



457, 

37, 

28, 

143, 
18, 
4, 

299, 

' 82, 
65, 
4, 

129, 
. 4, 
-8, 



Countries. 



Europe—Oontiiiued. 

Roumania 

Russia (including Poland) , 

Bervla = 

Spain.... 

Sweden and Norway 

Sy/itzsrland 

Turkey.... •. . 

Aiistralasia 

Lidia .....i.... 

E^rypt 

AJt^eria . 



Total . 



Bushels, 



22, 699, 063 
213,907,084 
4,525,813 
131,660,000 
tC 081^115 
1,645,750 
41,143,750 
2,2,258,146 
238, 317, 633 
16,457,500 
32,915,000 



2,032,934/775 



*The figures for Austria included in this stcateznent are 13,087,000 hectoliters (=36,850,613 bushels), as 
given in a preliminary official estimate. Those for Hungary are 37,410,000 hectoliters (106,150,875 bush- 
els), as given in the second estimate made by the Hungarian ministry of agi'iculture. - - 

t The preliminary official figures for Sweden are 1,3;50,600 hectoliters, or 3,801,115 bushels, to which 
280,000 bushels are added for Norway. - 

$ The wheat crop of Queensland is gathered in the latter pai'b of the year, and the crop for this col- 
ony (51,598 bushels), included in the total for Australasia, is the one gathered In the latter part of 1885, 
which may, ho vmver, be regarded as belonging to the same season as the crops which, in the more 
southern colonies, were mainly harvested in the early part of 1886. 

FOEEIGK FARM STATISTICS. 

GREAT BRITAIN AND IRELAND. 



The following table compiled from tlie ^/Agricultural Produce Sta- 
tistics "of Great Britain and the "Agricultural Statistics of Ireland, 
both official publications, shows the area and produce of the principal 
crops of these countries for the years 1884, 1885, and 1886, these three 
years comprising the entire period for which statistics of produce in 
Q-reat Britain have been published. The cereal returns for Great 
Britain are reduced from Imperial to Winchester bushels at the rate 
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of 1.03152 of tke latter to 1 of the former. Those for Ireland are 
reduced from hiiiidred weiglits, of 112 pounds/ to bushels, at the rate 
of 60 pounds per bushel for wheat, 48 pounds per bushel for barley^ 
and 32 pounds per bushel for oats. Beans and peas are stated in 
bushels of BO pounds. Potatoes, which in the official returns are 
stated in tons of 2,240 pounds, are reduced to bushels, at the rate of 
60 pounds per bushel: 





1884. 


1865. 


1886. 


Area, - 


Procluct. 


Area. 


Product. 


Area. 


Product. 


Wheat . ... . . .... ...... . . . . 

Beans....,....-;.......... 

Peas.... .. ................ 

Turnips. . . . . , , . ._. ... . . , , . . 

Hay 


Acres. 
3,744,928 
.2,336,227 
4,263,807 
454,580 
230,618 
1,364,000 

2,331,641 
361, 905 


Bushels. 
84,595,368 
. 82, 407, 0*^ 
176,228,3£*5 
12,101,345 
5,858,621 
253,252,720 

Tons. 
30,581,248 
5, 997,139 


Acres. 
2,549,335 
2,436,823 
4,269,359 
441,0.54 
231,100 
1,346,023 

2,311,942 
391,7C}2 
8,217,147 

71,327 


Bushels. 
82,081,332 
88,489,231 
175,248,232 
9,402,792 
4,475,451 
237,971,701 
* Toils. 
24,062,608 
5,969,523 
12,887,074 
Cwts. 
509,170 


Acres. 
2,355,451 
2,423,060 
4,403,579 
387,205 
215,072 
1,353,808 

2,302, 159 
386,708 
8,760,325 

70,127 


Bushels, 
65,^,353 
80,841,031 
184,596,748 
10, 815, 330 
6,057,879 
217,858,181 

Tons. 
33,957,415 
7,785,811 
13,503,416 
Cwts, 
776,144 















The above statement does not include the crops of the Isle of Man 
and the Channel Islands, which, however, are very insignificant in 
amount. 

The following figures, givi^ sheep for 

1885 and 1886,. ana dividing them into certain classes specified, are 
from the AgriculturarEeturns of Great Britain for 1886, from which 
ate^dlso obtained the totals for the several kinds of live stock, in the 
tTnited Kingdom given in the table of farm animals of the world: 



Number of head. 


1885. 


1886. 


3,965,512 
2,419,624 
4,4S3,624 


-3,974,476 
2,533,063 
4,365,273 


10,868,760 


10,87S,811 


18,717,058 
11,369,142 


18,291,345 
. 10,663,895 


30,086,200 


28,955,340 



Cattle: 

Cows and heifers, in milk or in calf . . . 
Other cattle, two years old iand over . 
other cattle, Onder two years old . . . 

Total........................... 

Sheep: : 

Onis year <^d and over ................ 

Under one year old ........... . . . . . . . . 

Total:...,.,..............,. 
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--. /FRANCE. 

The following statistics of agTiGiiK^^ France are 

from tKe Bulletin du 3£inist&re de VAgriciiltiire for December^ 1886 : 



Table I,— Area, rate of yield, and product of cereals and potatoes, ^ear 1885, 





Area. 


Rate of yield. 


Product. 


Hectares. 


Acres. 


Hectol- 
iters per 
Hectare. 


Bushels 
I>er acre. 


Hectoliters. 


Bushels. 


Wheat............... 

Eyo....................... 

Barley. ......... . . . . ........ 

Buckwheat . . , . ..... 

Maize. . . . , . . 

Potatoes. . . .... ...... 


6,D56,765 
830,953 
1,673,051 

955, 61G 
-3, 6S9-, 6:^)3 
628,136 
560,903 

1,437,263 


17, 190, 166 
.817,785 
4,133,862 
2,361,327 
9,117,071 
1, 552, lai 
1,386,004 

3,551,477 


15.79 
15.68 
14.39 

18.22 
23.21 
13.73 
16.09 
Quintals. 
. 78.24 


18. 13 
18.01 
16. 52 

20.92 
-26. 65 
15. 77 
18.48 

.116.35 


109,861,862 
5,190,771 
24,074,328 
17,415,439 
85, 530, 225 
8,626,318 
9,028,063 
Quintals. 
113,458,041 


311,733,033 
14,728,813 
68,310,906 
49,416,308 

343, 693,^)13 
24,477,177 
^,617,139 

413,310,168 



Table 11.— Anmtal average for the ten years 1876-1885, 





Area. 


Rate of yield. 


Product. 


Hectares. 


Acres. 


Hectol- 
iters per 
hectare. 


Bushels 
per acre. 


Hectoliters. 


Busholfl, 


Wheat.: . 

Barley.....................;.... 

Bucfcw'heat. .................... 


6, 918, 059 

404,705. 
1,787,428 
1,033.215 
3, 521 ; 278 
642,765 
632,025 

1,328, 131 


17,094,524 
1,000,026 
4,416,735 

- 2,553, 074 
8,701,078 

■ l,5aS,273 
1,537,024 

3,381,787 


14.70 
15. 14 
13. 89 
17,71 
2;i04 

14,86 
Quintals. 
92.90 


10.88 
17. 39 
15. 95 
20. 34 
26. 46 
17. 62 
17.06 

138.14 


101,649,375 
6,113,038 
24,827,298 
18,297,745 
81,189,343 
9, 951,169 
9,231,685 
Quintals. 
123,501,484 


288,430,102 
17,3^,908 
70,447,458 
61,919,861 

230,374,761 
^,236,442- 
26,194,906 

453,785,019 



Weight of cereals per hectoliter and per bushel. 





First qimlity. 


Second quality. 


Third quality. 


ICilograms 

per 
hectoliter. 


Pounds 

per 
bushel. 


IGlograms 

per 
hectoliter. 


Pounds 

per 
bushel. 


Kilograms 

per 
heotohter. 


Pounds 

per 
bushel. 


Rye.. 


79.49 
73. 41 
64. 38 
49. 


61.70 
57.04 
50.02 
38.10 


77.45 
71. 61 
63.15 
46.87 


60.17 
55.64 
48.29 
36.42 


75.19 
69.82 
59.44 
43.91 


68.42 
54.25 
46.18 
34.12 



454 



REPQET OF THE GOMMISSIONBR OF A0RieULTURE. 



Average prices of cereals, potatoes, flour, bread, meat, c&c, for IQS^ and for the 
V . ' : ' twenty years iS&Q~-188o, /. : - \ \ 



1885. 



Fraiics. 



Dollars. 



Average for 1866-1885. 



Francs. 



Dollars. 



- Wheat............. 

Masiin . . . . . 

Rye................ 

Bariey.... 

Buck wheat ...... 

Maize. ....... .. 

Oats ............... 

Potatoes . . . . . . . . . . . 

Flour.............. 

Bread: 

Blrst quality. 
■ , ,Secojia quality 
: . TMrd quality . , 
ButGiier's uieat;" 
■ Beef (of oxen) . 
^ 13eel: -(of cows) '. 

Veal........... 

Huttori 

Pork... V. 
Forage: 

Hay 

Straw . ........ 

Fuel: 

Coal ........... 

Cliai'coai .... . . 

_ Oak wood . . . , . 



Per hectoliter. 

IG.80 
13.93 
12.04 
; ; 11.14 
11. 16 
13.50 
fi.07 
4.m 

Per quintal. 

31. 86 
Per kilogram.. 

.33: 

- - - .^4 

- -. 1.G3- 
: 1.50 
^ - - l.?2 
1.84 
.. 1.54 
Perquintal. 

7.41 
4; 92 

4.'.>9 
10.54; 
Per stSre. 

11.93 



Per bushel. 
1 14 

: 95 
82 
7Q 
7Q 

: : 92 
62 - 
: S4 
Perbari'el, 
- 5 4G 
Per pound. 

IB. 8 

- 09.4 

- - 02. 1 

■ 14. S 

- 13.1 

- .15.1 

: . 10.1 

"13,5 
■ Per ton. 
14 53 
0 65 

" 8 41 . 
. 20 67 .-. 
Per cord. 
8 33 



Per hectoliter. 

21.08- 

- ^17.-56 

14.74 
12.85 
12.23 
15. 04 
9.90 
5,98 
Per quintal. 

41.01 
Per kiloaTam. 
^ -.39 
.33 
.29 

1,52 
1.41 
1,64 
1.67 
1.58 

Perquintal. 

- 8.33 

- 5.33 

4.21 
-; 10.60 
Per stere. 

10.77 



Per bushel. 

1'49 
1 19 
1 00 

- 87 
- ' - ^ 83 : 
1 02 
: . 67. 
41 

Per barrel. 

7 04 
Per pound. 

03.4 
02.9 
02.5 

13.3 
12.3 
14.4 

■ ■ " ' - 14.8 
13. 8 
Per ton. 
16 32 

-io;43 

8 26 
20 79 

Per cord. 



Average price of wheat for 1886-1885. 



Years, 



Per hectol- 
iter. ^ 



Per 
bushel. 



Years. 



Per hectol- 
iter. 



Per 
bushel. 



1866.. 
1867 . . 
1868.. 
1869.. 
1870.. 
1871 

1872 . . 

1873 . . 

1874 . , 
-1875 .. 



Francs. 

- 19.51) 
28. 02 
26.08 
20.21 
- 20-^8 
2'j. 65 
22.90 
25. W 

- 24. 31 

- 19.38 



Dollars. 
1 38 
1 77 
1 77 
137 
1 m 
1 81 
1 56 

- 1 75 
1-05 

-1 m 



1S7C . 
1S77 . 
1878 . 

1579 . 

1580 . 
1881 . 

tm . 
im. 

1885. 



Francs. 
20.64; 

- 23.43 
- . 23.-0S 
21.92 
^.90 
. 22.28' 
21.51 
19.16 
17.^6 
16. 80 



Dollars. 
1 40 
1 59 

- . 1 57 

149 
1 56 
152 
1 46 
. 1 30 

- 121 
1 14 
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GERMANY, 



The following official statemeiit of crops of tlie Ger- 

man Empire for the year 1885 is imm the Monatschefte zur Statistik 
des J)eutschen Beichs for July, 1886; 



Crops. 








10L9J prod- 


AveragG 


Area. 


ilXtJbllO LUllb, 


uce, bushels 


per 








iji) and tons, 


acre. 


"WTieat: . . . - .-. -\ . 




Hectcvres. 


Acres, 


. . ... . . 






Grrairii , , . . . . 


. . .busheLs. . 




4,729,052 


2, 599, 271 


95,505,881 


20.2 


Straw . 


tons 






. 4,231,407.2 


4, 104,536 


,88 


Rye : 














GrjEiiji * . ... 


. . . UU.raIl.eij3 . . 




14,397,-573" 


.5,820.094.7 


229, 124,657 


15.9 


Straw................ 


. . tons, . 






11,573,223.8 


11,390,326 


.79 


Barley : • 






4,298,364 


2, 260, C45. 2 




(jrrain ........ ^ ....... . 


. ... DusneiTS . , 


1,730,524.1 


103,829,550- 


24.2 


Straw. . . . . . . .... . . . . . 


...... tons . . 






' 2, 024,203.1 


2, 582, 790 


.GO 


Oats: 














Grain . * . . . 


.bushels. . 


3,776,837.9 


9,332,566 


4^342,357,1 


299,161,2.64 


32. J. 


StraWi 


. . . . . tons, . 






5,79o,buJ.4 


5,704,298 


,61 


Spelt, :&c. 












Grain; . :\ . . .\ . . . . 


. ; . bushels . . 


374,553 


-925,520 


.466,440.9 


17, 138,814. 


- 18.6 


Straw. . .............. 


...... tons . . 




, , ^ 


827, 917. 4 


814, 833 


-.88 


Eiak;orn(6) : 














Grain, 


. . .bushel^ . . 


5,539.8 


13,689 


4,814.3 


177,996 


13 


Straw. ......... ...... 


. . . . . . .tons. . 




10, 303. 1 


10,167 


.74 


BuckwJieat; 












V 'Grain. 


...bushels.. 


.216,483.3. 


.. 534,928^ 


118,150.4 


5,209,4^ 


9.7 


Straw....;.. ......... 


. . tons . . 






. 174, 49J . 2 


171,734 


.32 


Peas; 














- .Fruit 


.. .bushels. . 


408, 533. 5 


: 1,009,459 


- 306,774.4 


. 11,271,914 


11.2 










409,111.9 


491,224 


.49 


Field beans : . 












. .Fruit ................ 




. 144,737.7 


357,047 


201, 3o5. 1 


>v ono yi K o 
7,oyb,45o 


20.7 


.. Stalks................. 


... ....tons. , 






204, 937. 1 


200,799 


.73 


"Vetclies : 














: Seeds 


.tons. . 


162,838.1 


402,348 


123, 425. 5 


121.475 


.30 


Fodder.. .....V..,..., 








208,932.3 


204;682 


.66 


Lupines: 
















181, 113. 8 


398,110 


107,8.'5S.4 


IC'G, 154 


- --.27 










: 195.02:^.6 


19i;-94'l 


-.48 






2, 910,333.4 


7, 206, 260 


21', 953. (U;3. 8 


1,027,110,015 


142.5 


Beets for forage . . 


. . . .:. . .tons. . 


' 377,843.8 


933,650 


0, 901 ; 974. 4 


6,703,-899 


7.38 


Other field roots (cQ .... . 


........do... 


4Q7,m:.o 


1,155,941 


3,649,760.7 


3, 493, 663 


3,02 


Gil-seeds (e) . . ... . , , . . , . . , 


........do... 


133,240.0 


329,230 


155,791.5 


153,329 


. .47 






47,390.6 


117,103 


33,201.1 


33,676 


,28 






77, S14. 3 


190-,797 


15:343.5 


563,771 


3.0 


Clover tay ..... , . ........ 


-tons. . 


1,795,439.5 


4,430.500 


5,26«;909.4 


5, 185, 643 


1.17 






m:,m.d 




766, 128, 0 


'755,989 


1.60 


Esparcet hay. ......... . . 


........do. . . 


m] 575. 3 




3;;3,544.7 


318,432 


1.20 


Other forage plants if) . . 


........do... 


. . 445,851. 


1,101,698 


948,265.1 


933, 279 


.85 


Meadow hay. ....... . 


.......do... 


5,903;2S6.0 


14, 58?, 020. 


15,884,187,1 


15,633,160 


1.07 



a Metric tons are reduced to bushels, at the rate of 60 pounds per buslisi for wheat, 56 pounds for - 
rye, 48 pounds for barley, 32 pounds for oats, tK) pounds for spelt, 60 pounds for einkorn, 50 pounds for 
buckwheat, 60 pounds for peas, 60 pomids for beans, 60 pounds for cloveraeed. 

6 A variety of spelt. 

0 Including diseased ones toihe amount of- 3 per cent, of the whole product. 
Carrots, turnips, &c. . 
- e Rape-seed, &c. 
/Serradellfi, &c. 

Tlie area devoted to wine production the same year was 120^484.6 
iiectares (297,717 acres)/and the product was 3, 727, 06 6 hectoliters 
(98,465,838; gallons). 
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The fGllowing table sliows the produce of the principal crops of 
Sweden for the years 1886 and 1885^ with the average prodnoe f or the 
ten years 1875- 84. The qnantities, as expressed in hectoliters^ are 
from the summary statements of the crops of the year^ issued by the 
Central Statistical; Bureau of Sweden for the years 1886 and 1885, 
respoctiyely: " 



Products. 


1880. 


1^. 


Animal average for 
1875-'84. 


Rye .............. 

Oats.............. 

Mixed grain ...... 

Le^-iimes .... ... . . 

Potatoes. ... 


Hectoliters. 
1,339,600 
7, IM, 800 
5, 659, m 
19,394,200 
3,100 
2,698,600 
1,039,200 

17,850,400 


Bushels. 
3,801,115 
20,273,370 
16,058,831 
55,031,043 
8,796 
7,6.07.278 
2,928;66S 
3,405 
50,eo0,510 


Hectoliters. 
1,380,300 
8,093,900 
4,781,000 
18,284,000 
2,700 
3,237,100 
978^100 
8,300 
18,613,400 


Bushels. 
3,916,601 
22, 963,601 
13,566,088 
51,880,850 
7,661 
6,347j771 
S, 775,359 
23,551 
52,812,685 


BectoUters. 
1,165,400 
0,682,200 
5,527,100 
18,394,800 
3.700 
3,123:900 
- 997,700 
8,000 
18,056,000 


Bushels. 
3,306,823 
19,528,24^1 
15,683,146 
52,195,245 
10,499 
6,C^6,566 
2,830,974 
22,700 
. 51,233,900 



: : ; : AUSTRIA. 

The Austro-Hungarian Ministry of Agriculture has recently issued 
Part I of the Statistical Year Book for 1885, containing the final offi- 
cial statistics of agricultural production in Austria for that year. 
The area and produce of the principal crops are given below, botib. in 
Austrian . denominations, as stated in the docuinent nanaedj and in 
their equivalent units of Americau measure ^nd weigttt: 



: Products. 



Wheat......... 

Spelt ...... 

Rye............ 

Barley......... 

Oats 

Maize ...... 

Millet ......... 

Sorghum 

Jjegkmes . , . . . . 
Mixi?d grain . . . 
Buckwheat,... 
Rape seed, (fee." 
^Clover seed . . . . 
Potatoes....... 



Straw. . . . . . . . , ; 

Flax...........:.... ...v.„. V..;. ...... 

Hemp 

Tob^Go • , ... .... ........... ... ........ , , 

ChryF.arithemuin , . ... . . . * , . . . . ... .... .-. , 

GMcorv. . ..... . , . . . ... . . . , 

Sugar beets. ... ......... . . ..... ...... 

Turnips 

Pumpjdus . . . , 

Hay, elover . . . .V. ............. ...... .... 

Hay, grass t . . . 

Vetches, green corn, and mixed fodder. 

Hops ... ...... 

Olive Oil ...........................v.... 

Chestnuts ... . . ... ........... . . 

Figs 

Other fruit* and nuts 



Wine .... .... 

Ca^bbage. .... 
Teasel ...... . 



Areas. 



Hectares. 
1,194,059 
0,510 
J, 994, 461 
1,160.416 

i,m'.(m 

367,637 

7(5,1^^ 
4,438 



90,889 
220,119 



68,733 
1,097,8'?2 



8,5,717 
43,569 
1,865 
616 
268 
148,768 



782, 844 



12,775 



; 2^^,940 

76,100 
514 



Acres. 
2,950,520 
1G,0B6 
4,928,313 
2, 832, 314 
4, 519. 575 

yo8;4so 

1^,166 
10,906 



51,567 
543, 914 



172,310 
2,712,843 



211,807 
107,659 

4,608 
1,522 
667 
367,606 



1,^,408 



31,567 
110,362 



565,733 

IBS, 043 
1,270 



Produce. 



Hectoliters. 
17,0i5,C80 

27,^,690 
la, 344, 870 
33,^9,(jo0 
7,008,060 
1,047,086 
47, 610 
2,635,145 
372, 990 
2,412,3^ 
- 670, 000 



129,737,065 
Met cent: 
129,963,600 
429,951 
231,849 
_ 25,178 
10,210 
24,840 
25, 873; 870 
20,346;8G0 
1,431,50) 
21,931,365 
71,994,510 
3,702,210 
58,014 
120,693 
22,-987 
36;D72 
6,129,490 
Hectoliters, 
4,000,850 



Bushels. 
48,281,992 

79,119,970 
52,053,569 
94^743,132 
19,885,370 
2,973,809 

7,477,224 
1,058,359 
6,845,072 
1,617,375 



368,128,9^ 
iTons. 
13,790,971.1 
- 42,815.6 
^,818.5 
2,478.0 

I, 004.9 
2,395.5 

2,497/^.0 
3,002,530.7 
140,9£^.l 
2,153,477.1 
7,Oa5,674.0 
■3&4,373.1 
5,712.7 

II, 878.6 
2,202.4 
3,550.2 

{K)3,262.2 
Gallo-its. 
105,690,454 

Bead.: 
MB, 1^,000 
72,440,000 



* The area of rajje alone was 40,649 hectares, or 100,4^14 acres. 

+ 2,240 pouri els. . : _ - 

i Tile area in meadows is stated at 2,937,24S hectares, and that ia mountain grass land at 134,037 heet 
maldng a total of 7,589,195. What part of this area is cut for hay is not titated. 
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\ HUNGARY. . 

\ The following statement/ showing tlie area and produce of the prin- 
ipal crops of Hungary for 1885,.and their average area and produce 
for the ten years 1876-1885, is compiled from the Statistisches Jahr- 
6?^eft> published by the Hungarian bureau of statistics, Hungarian 
denominations being reduced to their American equivalents : 





Area. 


Product. 


Crop. 


1885. 


Average for 


1885. 


Average for 1876-'85. 




Total. 


Per acre. 


Total. 


Peracre. 


Wheat: 

Spring'.................... 

Total................... 

Rye: 

Winter 

Spring. — .. — ......... 

Total................... 

Barley: 

Spring............ 

Total.............. 

Buckwheat ................... 

Peas, lentils, and beans 

Maize 

Winter..,.,..,..........- . 

Total......;............ 


Acres, 
6,354,354 
417,893 


5,881,817 
435,114 


Bushels. 
108,516,470 
- 5,288,989 


Bushels. 
17.1 
12.7 


Bushels. 
85,325,081 
4,765,358 


Bushels. 
14. 5 
11.2 


6,772,247 


6,306,931 


113,805,459 


16.8 


90,090,439 


14. 3 


2, Wo, vol 

100,874 


2, olo, udo 
86,324 


40,370,880 
1,338,795 


15.0 
13.2 


37,849,949 
1,071,103 


13.4 
13.4 


2,794,825 


2,904,357 


41,709,675 


14.9 


38,921,052 


13.4 


9,343 
458, 059 


9,032 
533,484 


163,905 
7,216,059 


17.5 
15.8 


127,652 
7,293,554 


14. 1 
13.7 




y, iDO, C504 


162,894,099 


16.2 


136,432,« 


14.0 


198, 172 
2, 386, 170 


147,977 
2,289,716 


4,341,801 
49,971,383 


21.9 
20.9 


2,579,077 
40, 262, 49a 


17.4 
17.6 


2,58-4,342 


2,437, 603 


54, 313, m 


21.0 


42,841,576 


17.6 


2,565,414 
72,801 
46,976 
149,881 
105,581 
4, 633, 860 
- 1,036, 881 


2,611,33:) 
109,718 
48,769 
107,592 
99, 710 
4, 615, 171 
1,03^1,954 


54,442,627 
1,199,289 
088.7<J7 
2, 274; 844 
1,407,133 
109,093,093 
103,548,489 


21.2 
16 5 
14! 7 
15.2 
13.3 
23.5 
105.7 


51,770, 135 
1 611 633 
'490; 319 
1,453,914 
1,144,890 
. 86,301,4^58 
85,380, 130 


19.8 
14 7 
10! 5 
13.5 
11.5 
18.7 
83.3 


211,987 
22,956 


234,2;'2 
10, 744 


1,927,131 
163,505 


9.1 
7.1 


2,415,940 
110, 171 


10.3 
10.3 


234,943 


245,010 


2,090,636 


8.9 


2,526,111 


10.3 






250, 531 
2,219,921 
Tons. 
4,043 
40,804 
61,398 
586,008 
2,102,645 
772,248 

590,063 
4,935,295 




207,425 
1,628, 1G5 
Tons. 
4,647 
42,100 
60,783 
555,829 
1,345,572 
601,712 

420,478 
4,616,250 














Blax fiber. 

Xiueern, clover, and sainfoin. . 
Vetch mixture, millet-grass, 

Hay.................... 


27,095 
165, 520 
140,573 

78,432 
225,429 
552,459 

514,781 
6*330, 139 
5,069,714 


25,938 
- 170, 192 
155,427 

77, 301 
160,717 
459,799 

394,303. 
6,694,868 
5,696,129 


Tor.^. 
.15 
.25 

.44: 

7.47 
9.33 
1.40 

1.15 

.78 


Tons. 
.13 
.25 
.39 
7. 19 
8.07 
1.31 

1.07 
.69 













The value of the wine product was $18,804,546. 
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Exports of ivheat from India. 



. -Yearsi. V 


- - - . ■ ■ 
Bushels, 


Value. 


Vaiua : 

per 
bualiol. 


. ^ Years, 


: 

Bushels. 


Valiie; 


Value 

per 
bushel. 


1868............... 

1869... ....... v.... 

1870.....;......... 

1871............... 


-558, 853 : 

514,231- 
- 145, 988 

403, 908 
1,189,351 

735,4-85 
- 3, 377'. 781 
2,004,166 
4,086^767. 
10,438,327 


1493,015: 
480,016" 
160,235 
505,303 
1,146,766 
816,063 
4v05>7,545 
a, 303. 646 
4,4i0;660 
9,526,855-: 


-go 83 
93 
1 10 
1 09 
05 
1 11 
1 33 
:i 19 
: 94 
: 91 


1878.......:..".... 

1879..:. 

1680...-,..-....-.... 

1881,...-,-......,.. 


_ 11,896,580 
-1,973,544 
~ 4,109,495 
13,896,167 
37,-148-543- 
36,495,034 
as, 303, 636 
39,588, 311 
39.313,969 
37; 914, 133 


$13,085,177 
3,531,353 
5,471,245 
15,953,103 
43,-163,733 
39, 631,313 
43,301,464 
30,736,903 
38,043,436 
30,789, 688 


111-7 
128 
1 33 
115 
1 16 
1 13 
1 10 
1 04 
99 
74 


1872.-.:.........,... 


1874;.....;..;,;..., 

1875........... .... 

1876............... 

1877,.:.:..,*.;.... 


1883.............. 

18^4.............. 


1880..: :.,.;.:.... 

1887=!-.-............ 



* Year incomplete. 



-V-"' - eoFCLUsioisr.- / ' " \.- " ' " 

: Tiie mcrease of labor in volume and variety to meet the piiMic re- 
qnirements upon tHe statistical brancli of this Department emnot be 
indicated fully in the annual report. This preseiitation is not a 
synopsis of the work done, miich of which is special and- specific, for 
currBnt.uses of individua^^^ or bodies in legislative, administrative, 
and. commercial work. Some of the nioreimportant original investi- 
gations of the year are heTO eourse/the: records 
of acreage,: production, and value of some of the principar crops. 
There are other rural industries, less general in distribution or-more 
cqinplicated in their data,- whic are /not included. The year is too 
short or the country too large to attempt a census monthly or annu- 
ally of all produc^^^^^ nearly every climate or 
condition in the domain of general agriculture. 

The work has the voluntary assistance of about twelve thousand 
local correspondents and helpers, and in the Washington o&ce a cleri- 
cal force of about sixty is employed: It is the constant aim to im- 
prove the service, in widening its range, in extending its facilities, " 
and ill increasing its accuracy: and reliability,: aiubespecially ita prac- 
tical usefulness to the farmers of the United States. 
.;■:':. -_:;; :. : - 3. U. -DCmOtE, 

r . ■ ■ . " . [^ V - StatistiGian, 

Commissio 7ier, r- : ' 
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/ : ■ , INTRODTJGTIOF. 

Sm: I Mve the lionor to present lierewith my annual report for 
tlie year 1886. It is confined to the consideration of a few prominent 
and important insects that have not "Before heen fully treated of in 
Department publications, and I liaye omitted from it^ because of the 
limitation as to number of pages allotted to the Entomologist^ many 
briefer notes a,nd articles that have been prepared as the result of the 
year's work. These omitted portions will at onca be prepared for 
special bulletins. 

The fruit interests of the Pacific coast have of late years been more 
and more threatened by injurious insects, and in the present report 
the leading place is given to the consideration of the Cottony Cushion- 
Beale (Icerya purGhasi}, wM perhaps the greatest pest that the 
fruit-growers in that section have to contend vvdth. I was urged last 
spring by many prominent horticulturists and by Hon. W, W. Mor- 
roW;, M,. G. from the fourth district of California, to personally visit 
the infested region, but as this was impossible then on account of 
impaired health and important duties in the East, Messrs, D. W. Co- 
quillett and Albert Koebele were sent to Los Angeles early in the year, 
with instructions to oarry on through the summer an extensive series 
of experiments and observations iipon the sjjecies. It will be seen 
from the context that this is one of those insects which have, natura-Uy, 
extremely limited powers of spreading, and that its introduction from 
one continent to another and its subsequent spread might easily have 
been prevented had vigilance and intelligent appreciation of the dan- 
gers of such an introduction prevailed in years gone by as they are 
beginning to prevail now. The article is supplemented by detailed 
reports on experiments by Messrs. Coquillett and Koebele, which indi- 
cate the difficulties of controlling the pest, but at the same time show 
that these difficulties may be overcome. 

The kerosene emulsions, in difrerent proportions 
proved so entirely satisfactory against the scale-insects of the Orange 
in Florida^ have in general failed to win the good opinion of orange- 
growers in California, Mr. Matthew Cooke and other v/riters in the 
latter State have pronounced the kerosene emulsions inferior to caustic 
soda and caustic potash, and e ven to strong solutions of w hale-oil soap. 

Until this year I have been unable to oifset the decision of these 
gentlemen with the result of careful experiment, though I have always 
believed their want of success was due to imperfect preparation of the 
emulsions or imperfect apx3lication of them.. I was also inclined to 
giv§ some credence to the theory advanced by Prof . E. W. Hilgard, 
that the dryness of the atniospliere in California induced a more rapid 
evaporation of the kerosene in the emulsion, which accounted for its 
inferior ^results. Moreover, the Cottony _ Cushion-scale is much less 
susceptible to the action of insecticides than any Eloridian species on 
account of the protection afforded by the larg-e waxy mass which it 
secretes^ as vf ell as on account of its great vitality. 
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Tlie detailed reports remedies jiist referred to show that kero- 
sene eniTilsions must still "be placed at the head of the list, not only 
for ordinary SGale-inseots, hut for this Jcewa, so far as efficacy is con- 
cernedj though other remedies have the advantage of being cheaper. 
In the proportion of 1 part of the sor^X) emulsion to 15 parts of water 
it proves a perfect remedy for their Red Bcole (AspidiotuS aurantii)/ 
a species which has done incalculable damage in Australia and has 
created much alarm in California/ .After a thorough application of 
the mixture in March Mr. Goquillett found that every scale-insect 
was Mlledy and at the expiration of two months alh had dropped from 
the leaves. Used in the same proportion on the Cottony Cushion- 
scale^ however, it does not Mil the old females with the egg-masses, 
nor all of the eggs. Used at twice this strength it kills all of the eggs, 
as well as the old females^ and even when projoerly used at the rate of 
1 part of the emulsion to 5 parts of water it leaves the tree uninjured. 

Mr. Coq[uillett reports, with reference to the much-praised caustic 
soda, that it has no effect on the eggs of the Jcer^/a, even when ap- 
plied so strong as to burn th^ bark brown and kill all the leaves. 
Similarly, wh^e-oil soap, one pound to two gallons of water, does not 
kill the eggs directly , nor does hard soap and water in the same pro- ; 
portions; although the effect of the latter seems greater than that of 
the former. They both, however, harden the egg-masses so that a lairge 
proportion of the young laxwse are unable to escape. The experiments 
add greatly to the value of ordii^ary tobacco, for one of the most effect- 
ual washes used is made by boiling one pound of tobacco leaves in one 
gallon of water until the strength has been extracted from the leaves, 
and then adding enough .water to make two gallons. This wash, 
however, costs about o cents per gallon^ and is too expensive for ordi- 
nary use. Mr. Koebele, experimenting through August, September, 
and October, found that kerosene emulsified with soft-soap penetrates 
the egg-sacs well, kills the old scales, and leaves the tree uninjured. 
-Emtilsions of crude petroleum, although much cheaper, he found very, 
apt to injure the trees. He devoted his chief attention, on account of 
/feheir great : chea^^ preparation of soaps and resin com- 

pounds. iJe succeeded in maldng a number of these mixtures/ which, 
when properly diluted, need not cost more than from one-third to 
one-half of a cent per gallon, and whichj if thoroughly applied, will 
bring about very satisfactory results, killing the insects and either 
penetrating or hardening the egg-masses so as to prevent the hatch- 
ing of the young. I am strongly of the opinion that the value of the 
soar) washes depends somewhat on the season of their application, 
ana that the greater success of Mr. Koebele with them as compared 
with that of Mr. Goquillett was probably due to the fact that his ex- 
periments were made during the dry or rainless season. 

In connection with the subject of kerosene emulsions, I may put on 
record here an important discovery made last spring in carrying on 
further experiments at the office in emulsifying this oil. It is that 
the white of eggs with a little sugar may be used as a satisfactory 
substitute for milk where this is not accessible. * 

If the white of 2 eggs, about 3 tablespoonful^ of sugar, f quart of 
water, and l|- quaz4s of kerosene are worked through a force-pump 
and cyclone-nozzle for from :o to 10 minutes a cream-like emulsion 
is-^produced, which can be diluted with water to any desired amount 
mthout any separation of the oil; provided that the emulsion is not 
allowed to stand for any length of time. 
Another investigation that h^is occupied considorable of my time 
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lately is tliat in reference to the Soiitlierii Buffalo Gnats. The loss 
occasioned by the attacks of these up^on donaestic animals has been 
of late years very groat, and the Division has been strongly appealed 
to by influential stock-raisers in the lower Mississippi Valley for inf or- 
mationv Messrs. E". M. Webster, Otto Lugger, and Francis Fillion ■ 
have each been directed to make special investigations and experi- \ 
ments during the year in different parts of the South, and Dr. "War- 
ren King, of Vicksburg, has aided in various ways. At the time when 
these investigations began the particular species concerned ha.d not 
been determined; nor was anything known of their habits in the 
earfy stages. These habits were surmised from what was known of 
other species of the genus both in this country and Europe, which, as 
a rule, breed in clear, rapid, and rocky streams; but it was a ques- 
tion how our Southern species could breed so numerously in the lower 
alluvial Mississippi country. 

It results from the investigation that there a7:e more particularly 
concerned two species, which msij be known and distinguished as the 
Southern Buffalo Gnat (the larg;er_and more common of the species): 
and the Turkey Gnat, the names by which they are very generally 
:known in the country affected. They are both undescribed species, 
and I have given them the nanies of SimuUuin pecuaru7n -md S. 
meridionale respectively. The habits of both species are similar, 
and both have been found to breedin the more swiftly running currents 
of bayous and larger streams which are permanent and do not dry 
up in midsummer. The larvse are found attached to the masses of 
drift-wood and leaves which form at points, and which, by impedi- 
ment, induce a more rapid current on the surface. Very full de- 
tails will be found in the article, and at its close I have discussed the 
bearing which seasons of overflow may possibly have on the increase of 
these msects. Much yet remains to be ascertained, however, espe- 
cially as to GvipQsition, the eggs, and the. early habits of the larvse. 

Another insect that will be found fully treated of is the common 
Fall Web-wbrm {Hyphantria \G!unm),^^y^^ during the 

past year in the Eastern States in a phenomenal way, and which was 
so destructive to the .shade trees or the Capital as to attract an un- 
usual share of attention and to ca;ll forth many requests for informa- 
tion. Many facts hitherto unpublished, both as to its habits and 
natural enemies, will be found recorded, while advantage has been 
taken of the very favorable opportunity afforded by the exceptional 
increase of the species in Washington City to carefully study its rela- 
tive preference for different trees. I have already published in my 
report for the year 1883, and in Bulletin 6 of this Division, in consid- 
ering the Imported Elm Leaf -beetle, full directions for protecting 
trees from leaf -devouring insects, and as it is inadvisable to repeat 
what is already accessible in pAiblished form, I have given but a brief 
summary of the means available for protecting trees from t^^^^ Fall 
Web-worm. Moreover, the spraying appliances th at are most useful 
against the scale-insects, and treated of iii considering the Cottony 
Cushion-scale of California, are equ^ here, and in so 

far as they differ from those already described and published in pre- 
vious reports they will be found treated of in connection with said 
scale. So far as the city of Washington is concerned (and the same 
will apply to all cities) there can be little doubt that the great in- 
crease of lihis Fall Web-worm of late years has been largely due to 
two circumstances: First, the pre valence of the English Sparrow and 
its indisposition or inability to feed upon this worm, while making 
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moTe room ioi' it b^^^ less injurious and smooth 

species; secondly, the use of the wooden tree-boxes, whicli afford 
such excellent winter shelter; for the Gocoons. 
, Some recent experienGe is recorded with regwd to Joint Worms, 
and the interesting fact is bronght out that aWernajtion of generation 

: occurs among them^ and that in the geirus Isosonm, to which they 
belongs two forms, whichhave hitherto been considered good species, 
are in reality seasonal dimorphic forms of one and the same species, 

-as I have always suspected would prove ^^^^ \ 

The year 1886 may be said, entomologically^ to have been an ordi- 
nary one, and notwithstanding the escei3tional injury by some, there 
has been^ pei'haps, Ices damage than usual from injurious species. 
Among these last must be mentioned the Hop Aphis (Fhorodon 

; fttmiil^)^ whieli was so destructive in the great hop regions of Few 
York State as to have caused an almost total loss. The best evidence 
I have been able to obtain from correspondents- is that in a great 
many cases no harvest was made, a on an average only about VlO 
per cent; was harvested. In this connection T have taken steps to 
carry on a series of practical experiments the comirig year, and I may 
state as a matter of interest that, from investigations made last Sep- 
tember in the hop fields I am led to believe that I have discovered 
the winter egg of tliis hop-louse upon phim trees^ so that its mode of 
hibernation, which has hitherto been a mystery, has thus been set- 
.tled. Full verification of this fact^ liowever, cannot be obtained 
without another season's observation, and for this reason I have been 

- imwilling so far to publish anything in detail. ; 

In nly last report I showed that, so far as experiments in silk-cult- 
ure are concerned, no decisive results could welT be hoped for until . 
the Serrell automatic reel could be tested at some point in Washing- 
ton where the details could be well controlled and observations made 
by myself and assistants, and where the work could be" carried on for 
at: least two years. Congress therefore appropriated $10,000 for this 
particular purpose, and the reeling stations at San .Francisco, New 

-Orleans, and Philadelphia have been abandoned. The brief report 
of the work in this direction, which will be found in the following 
pages, must be looked upon as preliminary; for, while the figures 

' given look somewhat discouraging, no fair and proper estimate can 
be made before another year. The confirmation which our reeling 
has so far given of the vahie of the Osage Orange as silk-vf orm f cod 
is interesting, and entirely in keepiing with what I expected and what 
I have previously recorded, : : 

Work has been continued at the apicxiltural station at Aurora, 111., 
as far as the. means would permit, and a report on some of the ex- 
periments by NelsonW, McLaih, in charge of the station, is em- 
bodied, while some further repo included in a special bul- 
letin; I have endeavored ■ by occasional consultations with Mr. 
McLain to keep the experiments in lines lhat have been more or less 
neglected by bee-keepers and in which there was hope of valuable 
results. Tlie most important of these are in the direction of control- 
ling fertilization. Most <)f the improvement in bee-culture in the 
past has been in the direction of mechanical appliances, while these 
experiments have in mind the improvement of the bee itself, so as 
to increase its honey-yielding and thus advance the interest 
in the same waj/ that the dairy interest has been advanced by improv- 
ing the milk and butter producing qualities of the cow. 
A year ago Oongress added |9,000 to the appropriatioii of the Divis- 
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ion f or tlie proiiiotion econoniio ornitliology^ and cliarged tlie Ento- 
mologist witli carrying on the work. This appropriation was made 
at the instance of Prof essor Baird, myself, and Dr. C. Elart Merriam^ 
and in obedience to a memorial f rom the American Ornithologists' 
Union. Work was hegmi hy yom^ appoi Dr, Merriam as a 
special agent in charge, and I)r. A, K. Fisher and a clerk to assist.- 
The scope of the work planned was indicated in my last annnal re-, 
port, it heing arranged that the part relating to food habits siionid 
be dealt with by myself and former associates because of its entomo- 
logical bearing; while to Dr; Merriam was assigme the other 
phases of - the work, he being particula interested in the migra- 
tions of birds as chairman of the committee on migrations of the 
TInion aboTO rnentioned, 

Eaidy in Jnly, 1885, a circular v^^as prepared (Gircnlar 20, Division 
of Entomology) setting forth the objects of the investigation, and _ 
asking information concerning the food-habits of certain well-known 
birds which were supposed to be benehcial or injurious to the farmer. 
About 2,000 copies of this circular were distributed to farmers and 
orhithologists throughout the country, and a large number of replies 
"were receiyed. During the winter two additional circulars (Circu- . 
lars 24 and ' 27, Division of Entomology) , accompanied by three 
gchedules, Were prepared, which related to the migration and geo- 
graphical distribution of Forth American birds. These were sent to 
thelieepers of light-houses along the coasts and lakes and to the 
regular observers of the* American Ornithologists' Union. 

Special attention was given during the year to the English Spar- 
row question, and a large amount of information has been collected. 
The ravages of birds in the rice fields of the South was another mat- 
ter which early received attention, ajnd Dr. Fisher was sent on an 
extended tour bhrough the rice-growing districts, giving particular " 
attention to those of Georgia and Louisiana. The formation of a 
collection of the stomachs, crops, and gizzards of birds was early 
undertaken, and has been continued to th^ 

Prom the outset I have recognized that while the ornithological 
work, so far as it related to fodd-habits, was legitimately placed in 
the Entoinological Division, because of its intimate connection with 
the subject of entomology, yet there were many other lines of inquiry 
that have no particular bearing on entomology, and could not well be 
prosecuted in earnest without detracting from the time which should 
Be devoted to the more legitimate sr)here of the Division. As soon, 
therefore, as it was ascertained that tlrere v/as some prospect of get- 
, ting a new Division created I strongly urged such action, and a new 
Division of Ornithology and Mammalogy was created last June by 
Senate amendment to the House bill, it having been previously ar- 
ranged that the Entomologist should take charge of the question 
of food-habits so far as they relate to insects. Unfortunately, how- 
ever, the appropriation to the new Division was taken from the 
Entomological Division, thus reducing the means of this last below 
what it was two years ago, so that the work has been correspidnd- 
ingly crippled by the stoppage of already begun (espe- 

cially in Galifornia and the South), by the discharge of some of the 
employds and the reduction in salary of some of the o^^^ 

So much of the time devoted to ornithology during the year having 
been taken up in original investigations and the accumulation of ma 
terial, Dr. Merriam has submitted no formal report, and the results 
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of tlie investigations^ so far as tliey liave been written up^ will be pub- 
: lisbed directly nnder tlie n^ 

In this connection/ as evidence of tlie interest abroad in applied en- 
tomology^ I wonld ref er to tlie bolding of an international exhibition 
of machinery and contrivances for applied remedies against fungi and 
insects that are destructive to cultivated plants. This congress was 
held in October at Morence, and his Excellency^, B. Grimaldi^ the min- 
ister of agriculture^ industry, and commerce for Italy, was very anx- 
ious to have the Divisian represented by such discoveries and mechan- 
ical appliances as have been developed in its work of late years. He 
was also very anions to have a representative from the Department 
to take part in the discussions of the congress to be held in connection 
with the exhibition, . The Entomologist was in fact made one of the 
jurors, and it is to be regretted that, by the terms of our appropria- 
tion^ the Department was unable to have entomological representation 
at said congress. From reports of the congress that have come to 
hand, Mndly f urnished hy Prof . GustavFoex, in charge of the experi- 
mental school of agriculture at Montpellier, and of Henri Gros jean, of 
Paris, it is evident that they have made good use of the remedies and 
contrivances published and recorded in our annual reports, and that, 
with the exception of experience against the Grape-vine Phylloxera, 
there was not very much that would have interested us in America. 

The work of the Division is best represented by its published re- 
sults, as, after all, its value is proportioned to the manner in which it is 
placed iipon record; and made available to tl^ public, though there is 
of necessity a great amount of work that is not accounted for in print. 
In the matter of published and contemplated reports and bulletins, 
the foUpwing list represents the activity of the Division fairly well; 

The publications of the present year hav 

Bulletin No. 8, The Periodical Cicada. An account of Oicada sep- 
tendecxm and its tredecim race, with a chronology of all broods known, 
pp. 46. 

Bulletin No. 11. Reports of Experiments with Various Insecticide 
Substances, chiefly upon insects aflEecting garden crops, pp. 34. 
Bulletin No. 8. Second edition. 

Insects affecting the Orange. Report by H. G. Hubbard on the 
insects; affecting the culture of the Orange and other plants of the 
Citrus family, with practical suggestions for their control or exter- 
mination, pp. 227; figs., 95 ; plates, 14. • 

Fourth Report of the United States Entomological Commission, by 
C.- V. Riley,: being a revised edition of Bulletin No. 3, and the final 
reportonthe Cotton Worm, together with a chapter on the Boll Worm, 
pp. 546; figs,, 45; plates, 64. 

Report of the Entomologist for the year 1885. pp. 154 ; plates,^. 

Bulletin No. 12. Miscellaneous Notes on the Work of tlie. Division 
of Entomology for the season of 1885. pp. 45 ; 1 plate. 

Bulletin No. 9, The Mulberry Silk-worm ; being a manual of in- 
structions in silk-culture. Sixth revised edition of Special No. 11. 
pp. 62; figs., 29. 

T^Ee in coxirse of preparation a^ 

Final Report on Insects in jurioiis to Fojest Trees (nearly completed) . 

Bibliography of Economic Entomology. A criticar list of the 
economic writings of American entomologists. 

Report on Insects affecting Domestic Animals. 

Report on Remedies. A critical ancl classificatory treatise upon all 
th^ iremedies which ha,v against injurious insects. 
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Report on the Insects affec^^^ 
Roport on the Injects affecting tlie Gram^ 
Report on Insects affecting the Hop Crop. - _ : 

Report on Insects affecting the Granberry Crop. 
Report upon the Grape-vine Phylloxera. 
~_: M 

Monograph of the Noctuidee (Cut-worms, &c. ). 
Bulletin on Acronyctas (destructiye tree-caterpillars). 
Report on the Insectivorous HaMts of 
Sevei^al bulletius. 

Dr. Pachard has continued work on the Report on Forest Insects. 
He sjjent a portion of March and April in Northern and Central 
Florida studying and collecting the species injurious to Live and 
Water Oak, as v/ell as to the Pines and Cypress. His observations 
go to corroborate those of others who have studied the Florida insect 
fauna, viz/ that while a large proportion of the insects feeding on 
the oaks in Central Florida differ from those found in the Northern 
States, yet the pine insects from Maine to Florida belong to nearly 
one and the same fauna. During the summer months he worked in 
Maine, on the shores of Casco Baj^, and a considerable amount of 
work was also done near Jackson, in New Hampshire, and around 
jProvidence. A report by him on some of the insects observed, and 
especially on a worm injurious; to spruce buds, has been submitted, 
and will be published in the next-bu^^^^ 

Mr. F. M. Webster has continued investigations on the insects 
affecting our grains and forage plants, and his report, included here- 
with, contains a number of interesting observations, and also a list 
of 102 species of insects frequenting Buckwheat, with notes of their 
relative abundance and their method of a.ttacking the plant. . - 

Mr. Lawrence Bruner has continued work in Nebraska, and a 
^special report from him will be published in bulletin form. 

Prof. Herbert Osborn, of Ames, Iowa, has continued to assist me 
in work upon the insect parasites of domestic animals. _ 

M Murtfeldt and Mr. J. G% Barlow were each engaged 

during the year for brief periods in various observations in Missouri, 
and Mr. William H. Ashmead similarlv for a brief period in Florida. 

Work by Mr. B. P. Mann on the Bibliograiphy of Economic Ento- 
mology has been interrupted by the reduction in the appropriation, 
but otherwise the Divisional force at the Department remains the 
same, Messrs. E, A. Schwarz and Theo. Pergande assisting in the oflBce 
work. 

The illustrations to this report have been made by Miss Lillie Sul- 
livan and Dr. George Marx, with the supervi^^^ of myself or of 
Mn Howard. 

I take pleasure, in conclusion, in acknowledging my indebtedness 
to Mr. Otto Lugger for assistance in the preparation of the article on 
the Buffalo Gnats and for the satisfactory manner in which he carried 
on his observations at Memphis, and particularly to Mr. L. O. How- 
ard, who has had charge of the Division during my absence, and who 
has materially assisted me throughout both in the office correspond 
ence and. the preparation of reports, . December 24, 1886. 

Respectfully submitted, 

> V. RILEY, / 
Hon. Norman J. CoLMAN, Entomologist, 

Commissioner of Agriculture, : 

30 AG— '86 
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^ ; r . /vTHE COTTONY aUSHIQN-SGAm ^; 
. - {Iceryapurchasi Masfcell.) - : 

- - Order Hemiptera; family Coccid^, 

[Plates I, II, in, ly, and Y.] 

V ^ ^^^^^^ ; 0^ 

We have, during the yearybeen conducting a S23ecial investigation 
of the haMts of and remedies for the so-called Cottony Cnshion-scale 
of California, an insect which for the last eight years has occupied 

much of the attention of the horticulturists of that State. We have 
been niuch interested in this pest since it was original^ sent to us 
while in Missouri by Mr. R. H. Stretch from San Francisco in 1872^ 
and have watched its increase and spread^ iintil it became evident from 
its alarming prolificacy, from the great diversity of its food-plants, 
from its sup])osed immunity from the attacks of natural enemies^ and 
from the protection against, the action of insecticides afforded by its 
abundant waxy excretions, that especial study and experiment were 
much needed. : \ / ^ v ; ^ ^ 

The following account of the insect is prepared from published 
accouhtsand unpublished coiTGspondence; from our biologic notes 

: made at the office in Washington, chiefly in 1878, 1880, and 1886; but 
more especially from our recent experience in the field (which the" 
delay in publishing the report has enabled us to partly embody), and 
the observations of Messrs. Coquillett and Koebele, whose reports on 
experiments made to destroy it will be found given in full among'* 
the reports of agents.^ ^ ; : ^ _ _ 

^^^^^^^^^^^^^ ; V 

- So far as we have been able to learn, up to the date of present 
writing, the Cottony Cushion-scale is found only in California, in 
Australia, in South Africa, and in New Zealand. We shall discuss 
Its introduction into California and its present limitations in that 
State in subsequent sections of this paper, and what we know of its 
spread in the other countries mentioned is here considered. 

In Axjstealia,— As vail appear farth^ on, the evidence collected 
goes to prove that this insect is indigenous to Australia and has been 
exported from this colony to the two other colonies in which it occurs 
and to- the United States. We have very few facts as to its occur- 
rence in Australia^ and these are taken at second hand. We have 
addressed cominunications to a number of naturalists in different por- 
tions of that country, but their replies have at this writing not been 
received. From the Report of the Commission appointed by his 
excellency the governor to inquire into and report upon the means 
of exterminating the insect of the family ^ Coccicke/ commonly known 
asthe 'Australian Bug,' " published at Cape Town, 1877, and fronLthG 
letter of Mr, Eoland Trimen, dated February 5, 1877, and pn.blished 
by the government secretary of Gape Colony as '' Government Notice 
No. 113, 1877," we find that at that time specimens of the insect were 
sent from Cape Town to different portions of Australia, and that re- 
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plies were receiyM as follows: The Queensland authorities simply 
promised inquiry and report. The government of South Australia 
did not recognize the insect in question as a native of that colony. 
The inquiry to Victoria was referred to Prof. Frederick McCoy/ di- 
rector of the Kational Museum at Melbourne, who identified the in- 
sect as a new Dorthesia, '' common in Victoria on different kinds of 
Acacia/' -- 

This is the extent of our information. Mr. Maskell, in his second - 
paper on tliis species (Transactions and Proceedings New Zealand 
Institute, XIV, p. 226, 1881), writes: '^When in Australia a few 
months ago I observed at Ballarat an insect, certainly an Icerya, but 
I think not L purchasi; but I had no opportunity of bringing away 
a single specimen, " There exists, then, a possibility at least that the 
■insect under consideration is found at Ballarat as well as around Mel- 
bourne. V : 

> • In Gape Colony.— We find in the ^'Eeport of the Gommission," 
&c. , ;just cited, the following information on the spread of the insect 
in this colony: ' 

From the ansWOT r^^^ it would seem that the insect, having first appeared 
and succeeded in establishing itself in Cape Town and the vicinity, gradually spread 
along the lines of traffic by land and sea to different.parts of the colony ; and we may 
mention, in evidence of its ii*regular dispersal by chance methods of conveyance - 
that it was observed in the village of GoMep, Namaqualand, only a few months 
after its first discovery in the Cape Town Botanical Gardens in 1873, and yet was 
not seen in the neighboring division of SteUenbosch till the later end of 1876. 

The limits to which the insect had extended at the time of the pub- 
lication of the report of the commission (1877, presumably the latter 
part of the year) included the following localities : Cape Town and 
neighborhood, Simon^s Town, SteUenbosch (Mulders Vlei), Malmes- 
bury, Paarl, Wellington, Namaqualand (Ooldep), Bredasdorp, George 
(Brak River), Uitenhage, East London. 

We haye no information as to the present status of the insect in 
this colony, as the replies to our letters of inquiry have not yet come 
to hand.* : ■ 

In New Zealand.— From the paper containing Mr. MaskelPs 
original description ot Icerya pur chasi (Trans, and Proc. N. Z. Inst., 
XI, 220, 1878), we learn that the insect was first noticed at Auckland' 
A note by Mr. E. A. MacKechnie (Ibid. , XI V, 549, 1881) indicated that 
it had greatly increased in presumably the same neighborhood in 
1881. In Mr. MaskelFs second paper (Ibid., p. 226) he mentions in a 
f ootrnote that he had just received the insect from Napier. In his 
third paper (Ibid., XVI, 140, 1883) he writes as follows: 

Icerya purehasi has spread greatly in the last two years. It had just reached Na- 
pier at the date of my last paper. It has now estabhshed itself in that district not 
only m gardens, but in the native forests. In Auckland it is attacking all sorts of 
plants. * * * It has reached Nelson, and I have had many communications from 
that place complaining of its ravages* * * * Whether this pest wiU spread in 
our colder southern climate (Christchurch) as it has in the warmer north remains to 
be seen.; Our gardeners here are not in much dread of outdoor insects; they con- 
fine their attention to those in greenhouses. They may be right; stiU the winter 
even m Canterbury is not severe enough to kiU these insects, and I know that in the 
Christchurch pubhc gardens many trees have had to be burnt simply on account of 
the ravages of Coecidoe. 

We have no information on this point from this colony later than 
1883, but have taken steps to ascertain the present spread of the pest. 

^ * Just as the report is being sent to the printer we learn from Miss Ormerod that 
Bhe has received specimens from Port Elizabeth, Cape Colony. 
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IMPOETATION OF THE SPECIES INTO * 

The first printed record, witli wHch we are acquainted; of the occur- 
rence of the Cottony Cushion-scale in Galifomia is Mr. Stretch's 
article in the Proceedings of the California' Academy of Sciences^ 
Yoi^iy, read Septemher 16, 1872. In opening this paper he refers 
to the fact that ''at a former meeting certain insects forwarded to 

/this society f rom Menlo Park^ San Mateo County, by ..Mr^ Gordon," 
were referred to him for e^^ through 
the previous proceedings fails to show any mention of this previous 

; sending, though at the meeting of July 1, 1872, Mr. John HeY^ston, 
jr., '^exhihited some limbs of Australian Acacia from San Mateo 
which were infested by a species of Coceus, and stated that the insect 
: had not only been detected in its depredations upon said tree, but 
also upon the orange trees." This latter reference may very possibly 
have been to the Cottony Cushion-scale, and if so it is interesting, as 

- indicating already a spread of some miles from Menlo Park. 

; All the slight evidence possessed points to the introduction, of this 
scale on Australian Acacia by Mr, George Gordon about 1868 or 1869. 
Mr. Stretch says: - ' 

This being all the information to be derived from the specimens referred to me, I 
visited MenTo Park in search of fui-ther information, and received a very hearty wel- 
jGome frora Mr. Gordon. ; The supposition is that the insect was imported from Aus- 
fa-aiia some tln-ee years ago; at any rate it siBemed to originate on the Acacia latif oUa. 

This was evidently Mr. Gordon's supposition^ and the plain infer- 
ence is that about three years previous to this time certain Acacias had 
been imported by Mr. Gordon from Australia as plants or cuttings 
, contrary to the general cnstora, although it is not stated in so many 
words. 

■ Dr. A. - W. Saxe, of Santa Clara, Cal. / in 1877, wote :^ 
''So far as I can ascertain, it was brought to Galifornia on some 
plants imported from Australia by the lata George Gordon, of Menlo 
Park (the sugar refiner).-' 
* In the introduction to oiir vannua^ report as Entomologist to this 
.- Department for 1878 we referred-to the serious complaints that came 
from the Pacific coast of injury by it to orchard and ornamentah trees, 
and from specimens received from Dr. Saxe (Mr, Maskell's papers 
being unknown here then) referred it to the genus Dor ^/lesia, and 
xemarked: 

It is an Australian insect, and has of late years been introduced on Australian 
■ plants into South Africa, where, as I learn from one of my correspondents, Mr. 
Roland Trimen, cm-ator of the South Africa j1 Museum, it has multiphed at a ter- 
lible rate, and become such a scourge as to attract the attention of the government. 
It has evidently been intrMuced (probably on the Blue Gum ov Eucalyptus) to Cali- 
fornia, either direct from Australia or from South AfricaV and will doubtless become 
quite a scourge; because most introduced insects. are brought over without the 
natm-al enemies which keep them in check in their native country and consequently 
multiply at a prodigious rate. It wih be naturally partial to Australian ta.'ec?s, and 
shows a preference for Acaxjia, Eitcalyptus, Orange, Rose, Privet, and Spiraea. 

Professor Comstock, in the Annnal Report of the Department of 
A-gricnlinre for 1880, p. 348^ cited this article of ,Dr. Saxe's as tlie 
earliest article with which he was acqnainted, and repeated Dr; Saxe's 
opinion as to the introduction of the insect. 

Beyond this we are able to get no information upon the subject, and 
these data are in all prjobability the first connected with the introduc- 
tion of the Cottony Cushion-SGale. There may possibly have been 
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siil)sequent and independent importation bnt that this is the one 
from which the main spread originated there can be little doubt, 

ITS SPRBAI) AND PBESENT LIMITATION IN CALIFORNIA. 

We are indebted to Mr. Matthew Cooke, of Sacramento, for com- 
municating a lengthy and earefnl account of the localities in which 
the pest at present exists in California. Mr. Cooke has mapped out 
ten districts, six in the counties of Marin, San Mateo, Santa Clara, 
Sacramentd, Sonoma, and Napa, in the San Francisco region, and four 
in the counties of Santa Barbara and Los Angeles, in the southern por- 
tion of the State. 

The first infested district extends from Menlo Park to San Mateo, 
a distance of 10 railes. It is bounded on the east by the Southern 
Pacific Eailroad, and extends some 3 miles west, including in conse- 
quence some 30 square miles. But little eifort, according to Mr. 
Cooke, has been made to eradicate the pest in this district. 

The second infested district is contained within the town limits of 
San Rafael, Marin County, about 14 miles north of San Francisco, 
In this district it has been held in check, but there are still some to 
be found, and its increase is only dependent upon a lapse of vigilance. 

The third infested district includes the city of San Jos^ and the 
town of Santa Clara, and contains an area of about 16 square miles. 
In these towns the scale insects inf ested the ornamental and shade 
trees and shrubbery, but did not seem: to trouble the deciduous fruit 
trees to any extent, At San Josd energetic measures have been taken; 
the trees have been cut back and their trunks scrubbed until the pest 
has been thoroughly eradicated. At Santa Clara, however, little has 
been done, and some places are seriously infested. 

The fourth infested district occurs at the city of Sacramento, where 
only-about 1^0 acres are infested, although it is stated to be rapidly 
spreading. The insect was first discovered in this district by Mr. 
Cooke in October, 1885, in about eight gardens. The city trustees 
appropriated $200, and with this sum it was destroyed, except upon 
certain premises which the authorities could not enter. Mr. Cooke 
gives in this connection, as an instance of the rapidity of the multi- 
plication and spread of the insect, the following: 

In- October, 1885, a patch of these insects covered a space of about 3 by 4 inches 
was noticed upon a limb of an Acacia tree. From these it spread, and in a little 
more tha-n a year several Orange and Lemon trees and other plants growing closely 
in ah area of about 160 by 80 feet had become seriously infested. 

The fifth infested district is found at Healdsburg, Sonoma County, 
about 65 miles north by west of San Francisco. Here the insect is 
mainly comprised within the town limits, and infests the shade trees 
along the streets and the shrubbery in the gardens. 

In Mr. Cooke's sixth district the insect cannot be said to exist at 
present. It comprises a single garden in the town of Saint Helena, 
Napa County, about 60 miles north by east of San Francisco. It 
5ras found upon a rose busi in that place by Mrs. Richard Wood in 
Dctober, 1882. The bush was destroyed, and the pest has not been 
found in that section since. 

The seventh infested district includes the city of Los Angeles, where 
;he insect is principally confined, according to Mr. Cooke, to the gar- 
lens and suburbs on the eastern side of the city. Mr. Coquillett says 
hat as nearly as can be ascertained the insect was first introduced 
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into Loe Angeles in 1878 iipoii some nursery trees piiroliased from a 
San Francisco iinrseryman. These trees were planted in a certain 
nursery^ and when tlie insects were first noticed npon them the owner 
was reqnested to burn them; He neglected to do this^ and soon after 
failed in business, and the nursery fell into other hands. The new 
■ owner also proved indiiierentj, and from this point -the insects spread 
into the siirrounding orchards, going mainly in the direction of the 
j)ravailing winds. Some years ago a tree was found infested at Passa- 
dena, 7 miles east of Los Aiageles, but it was immediately destroyed, 
and the insect has not been heard of since. At Pomotia, d'Z miles 
east of Los Angeles, the same thing happened in 1883. Two trees 
were found to be infested and were immediately destroyed^, and the 
insect has not appeared since. 

The eighth infested district is at Anaheim, Los Angeles County, 
37 miles south b3^ east of Los Angeles. Here the insect is purely local 
and does not seem to be spreading. 

The ninth district is at Sau G^^ 
In the vicinity of this place are some of the largest orange groves in 
Calif ornia according to Mr, Cooke, a Mrs. McQreg- 

ory bought a pot-plant in Los Angeles, brought it homo, and placed 
it beside a small Orange near her house. In 1882 the neighboring 
orange trees were found to be infested with the Cottony Cushion- 
scale, In the fall of 1883 it was found in some of the larger orchards 
so abundantly as to cause alarm simong the growers. By means of 
a voluntary tax of five cents per tree, some -fifteen hundred or two 
thousand dollars were raised and expended and the pest eradicated. 
The most radical measures were used. The trees were cut back to the 
crotches, the branches burned, and the trunks scrubbed. In 1885, 
however, the insect was again found, but only in a few trees. / 
^ The tenth and last district includes the orchards in and around the 
city of Santa Barbara. According to Mr. Goquillett the scale was 
introduced into: this district in 1878.; A number of ^ trees; from the 
same lot which first introdiiCQd the pest into Los Angeles was sent to 
Santa Barbara at about-the same time. ^ Mr. Cooke states that he vis- 
ited this district in July, 1884, and found Mr. Stowe's orchards (10 miles 
north of the city of Santa Barbara) the most seriously infested spot in 
the State. Forty acres, principally of lemon trees, were badly dam- 
aged, and over many acres the trees had been dug out and burned. 
Two miles north of Mr. Stowe's, Colonel HoUister's groves also con- 
tained the insect in numbers. About 40 acres were partially infested. 
The latter gentleman made strong endeavors to rid his groves of the 
insect, and spent a great deal of money, with only partial success. 
Mr. Cooke states that the course of the insect between Mr. Stowe's 
and Colonel Hollister's could be plainly traced over a rolling grazing 
land on the nettles, dock, and other w^^ 



* Reports ha ve gained currency that this Icei'^^^a was f omid abundantly arounc 
Santa Barbara cm wild plants ^ and especially upon the " Grease-wood, " and it ha* 
been argued from such reports that the species is indigenous. Tliey have no found 
ation except in mistaken identity, a large Coocid belonging to the*^^ genus Ehizococ 
ms^ which occufs abundantly oi\ Artemisia californica^ having undoubtedly givei 
rise to the report. The female of this species, v/hicli we shall describe as BMzocoe 
mis artemisim, secretes a globular mass of white cottony wax, which is more or les 
distinctly ribbed, and her; eggs are of the same color as those of the Icerya; bu 
with these superficial resmblances which have raisl^^^ there are profound struct 
trol diifiKpences^ ; 
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FOOD-PIiANTS. 

Original Food-plant of Icekya puechasl— There seems good 
reason to believe tlaat this species is origiiiaily an Acacia insect/ and 
that npon one or another of the plants of this genns it was imported 
from Aiistralia into Sonth Africa, California, and New Zealand. 
Anstralia is pre-eminently the home of the Acacias^ while none are 
indigenous to California, nor, so far as we can ascertain, to New Zea- 
land, and, as is well known, the species now found in these two coun- 
tries have been introduced from Anstralia. 

Professor McCoy, of Melbonrne, in his original communication to 
the gwernnaent: of Gape Colony, in 1876, stated that the insect in 
qnestion occnrred in Victoria on " different kinds of Acacia.^' 

Mr. J. C. Brown'"'' states, on the basis of Mr. Trimen's description^ 
that the/- Australian Bug" appears to resemble in several details one 
of the Coccidae found on the Kangaroo Island Acacia, universally 
around Adelaide. This statement is so indefinite as to have little 
weight; yet there is more than a possibility that the Australian insect 
mentioned is the Jcer?/a. 

Mr. Trimen, in his report px-eviously mentioned, states that the 
first specimens seen by him in Gape Colony occurred in 1873, at Clair- 
mont, on Blackwood trees {Acacia melanoxyloii), obtained from the 
botanic gardens at Cape Town. He goes oi^^ 

In the course of a few monQis the insect increased so prodigiously in number ^ and 
the Australian Acacias became laden with them to such an extent, that in the early 
part of 1874 the large Blackwood trees in the gardens, which were infested to a 
greater extent than any other plant, diad to be cut do vyn. 

In N"ew Zealand the hrst appearance of this insect was also u|)on an 
Australian Acacia. Mr. Maskell, in originally describing the insect, in 
1878, says: My specimens of this subdi vision were found on a hedge 
of the Kangaroo Acacia, f in Aaickland, in March last, I understood 
from Mr. Gheeseman and Dr. Purchas, who kindly brought this . in- 
sect under my notice, tlmt it had only lately ai^peared in Auckland, 
and that it was only as yet to be found upon that one hedge." 

In California the experience was almost precisely similar. Mr. 
Stretch, in his paper before the California Academy of Sciences^ in 
1872, stated that at Menlo Park it seemed to originate upon Acacia 
latifolia. Si species imported from Australia.^^ Miss Anna Rosecrans, 
writing to the Pacific i^^^rarPr^^s of February 17, 1877, says: ''It 
was first noticed at San Rafael on Acacia trees four or five years ago.'^ 
Dr, Chapin, in the first report of the State Board of Horticultural 
Commissioners, of California, 1882, says: "This scale has been, it is 
asserted, known to be on the Acacia for seven years in San Jos(3, but 
it is only during the past and present seasons that it has attracted at- 
tention" (presumably by its spread to other cultivated plants). 

Thus we "have much cumulative evidence that the species of the 
genus Acacia are the preferred food- plants of the Cottony Cushion- 
scale, and, admitting: Australia as it$ proper home, they are probably 
its original food. 

Its Food-plants IN South- Afkic a.— From Mr. Trimen's 1877 
report we gather the following list of plants to which the Australian 
Bug had spread since 1873: 

Acacia melanoxy Ion, 

*^ On the ^'Australian Bug" of South Africa. Journal of ForeMry, May, 1883. 

Yl, p. 44." . - 

j[Aeaeia a7^mata.~—G. Y, B,. - 
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Australian Acacias. V - - ^ ^ ^ : - - - 

y^'Wden Wiiiow/*^^^ ^ - ; 

Casuarius, : . ^ 

Pittosporum^ : 
^^BineGfam" (rarely). ;^^v^^^^' 
Australian "Bottle- briisli." 

Oak.^:;; v. 
Orange. 
Vine. 

m- ■ " - ■ - 

Lcmrustinus, 

Ilosema]?y. 
Strawferry. 
Verbena. 
PlnmMgo. ' 
Indian Jasmine. 
Boiigaimntlea. 
: Hawtliorn. 
Poinsettia. 
HakecL 

Tliis list is not added to in tlie '^Report of tlie Commission/' &c., 
piiblislied at Gape Colony in 1877/ M Trimen/in the article cited 
above, gave tlie preference to tlie trees and shriibs of Australian origin; 
but Mr. J. C. Brown (Zoc. c^^.) quotes Mm as writing; under date of 
March 17 (1882 ?), that the insect had then mainly attached itself to the 
orange trees. "Many of the finest plantations have been destroyed 
and others are on the high road to destruction. You will remem- 
ber /^he says, "how good and cheap oranges used to be here; they have 
lately been three pence and four pence apiece, and often inferior in 
quality even at such a price." 

Its Food-plants in IsTew Zealand.— From, the various communi- 
cations of Mr. Maskella^^ Transactions and Proceed- 
ings of the ISTew Zealand Institute we give the following list of plants 
which have been especially designated. There has been no atteinpt, 
however, on Mr. Maskeirs part to give at all a complete list, and in 
fact, he says,* "In Auckland it is attacking aZZ sorts of plants, from 
Apple and Rose trees to PineSy G and Gbrse^': 

Common Furze. 

Orange. 
r Lemon, 

Acacia decurrens. 

Acacia armata, 

■l^pla : ; 

.-^attles.- 
Rose. ... 
Gorse, 
Pine. 
Cypress. 

ItsFood-plants in California. —OriginallyBtartingupon ^4 cac^a 
latifolia at Menlo Park, this insect soon spread to numberless other 
plants. Dr. Saxe, in 1877, mentioned that it already attacked the 
Acacias, Australian Pea-vine, Rose, Honey-suckle, 'ivy-geranium. 
Laburnum, Pear, and the weeds in the orchard. 



* Ibid. , XYI, p. 140 (1BS3). 
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Dr, Chapin, in 1883, meation^ 
■ Pear. 

. Ai)ple. : / ; - - ' -y ' y . - 
Bridal-wreath. 
Rose. 

Dwarf Box. 

Verbena. V . 
: Veronica. 

Acacia 7nolUssima, 

Acacia latifoUa, 

Acacia limncer is. 

Acacia florihunda, 

Pittosporum tobria. 

StrawDerry. 

Black Locust. 

California Laurel. 

Cork Elm. 
- Englisli Ivy. 

Magnolia grandifiora^ 

WMteOak. . ' _ 

Dwarf Flowering Almond. 
" " Wild Grease-wood. 

Our recent experience in Calif ornia, as well as that of Messrs. Co- 
quillett and Koe bele last summer, would indicate that, while there are 
f ew plants upon which the insect will not temporarily feed if it hap- 
pen to fall; upon them while in the ^fi^^ the number of_ 
plants upon which it can thrive and multiply is limited. The larva 
will survive for weeks without food and will wander about in search 
of suitable food if it should find itself, for one cause or another, on 
that which is unsuitable. It undoubtedly thrives best on Acacias, and 
nelt to these we should place the Citrus fruits, the Quince, and the 
Pomegranate, and we doubt if it could thrive upon many other trees. 
The list of its food-plants, or rather of plants upon which it has been 
found, is longer than is justified, not only because of its power of 
endurance above noted, but because the youngv are easily <}arried 
by wind or otherwise to plants more or less uncongenial and on which 
they ultimately perish, while the adults are often dislodged from in- 
fested Acacia or Citrus trees onto plants under or near them* 

Among the more valuable trees upon which it certainly cannot 
thrive, and upon which it does not occur when they are grown at some 
distance from infested Aca6ia or Citrus trees, are the following: Pines, 
Cypress, Eucalyptus, Olive, Apricot, Peach, Pear, and Oleander, 

The plants upon which MrrCoqiiillett found females with egg- 
masses in limited numbers, and which were growing in situations so 
remote from any infested Acacia or Citrus trees as to preclude the idea 
that the adult insects had found their way to these plants from such 
trees, were as follows : 

Pomegranate. 

Quince* 

Apple. - : 
. Peach.. - ■ 

Apricot. 
-Fig. 

Walnut. • - 

Locust. 

Willow; 
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Pepper. : J :\ \: : : _ : _ : \ :^ : 

. "Grape,; ; : / . . ; - j . . 

■ OaBtor-be®-.^. . . ' - ■ . . 

. Rose-gerajiiiim: ; ^ . 

Mr Koebele, whose obseryations have been close and extensive, 
found that the Quince is always thickly infested, as is also th^Pome- 
Rranate/ while on Pear, Apple/ Peach, and Apricot the scales were 
not numerous in the adult stat^. Only a few scales, and these nearly 
always small, were found upon the Castor-oil bean. Some Pecan- 
trees were noticed on which some of the branches were completely 
covered with scales. A Willow hedge surrounded by plants ^nich 
had been infested for over two years did not itself become a^tac^ed 
until the past summer. TIie.Fig be statestobe a favorite food-pi^t.. 
On Eucalyptus be found: young scales all summer, and m October 
he found twigs fuU of scales of all sizes. A few full-grown individ- 
uals were f ound upon a single Pepper tveQ^iScMnus 7noHe) growing 
in the orchard. The followingds a supplementary list of plants upon 
which Mr, Koebele reported the scales most noticeable^ 

PorMaeaoleraGea--SG3^GB:oiteiL^r^^ 

Malva TotunMfolia. . \ - r . ^ ^ . i jn i> 

Grape ( l^fcsppO— Scales occurring princ^^ 

Rose (i?o/?a spp.)— Scales growing often to an unusually large si2e, 
and veiy nuineimis on some vaiie^^^^ : 

Epilobiiim coloratum^ ^ 
/ JErigeron cmt^ 

~ Sidens pilosa, ; - ^ : - - , . 

Artemisia liidoviGiana, :^ _ , . : 

- Ajnhrosia psilostadtya-^^ of Sioales on each plant Giuring 

July, Augustj^ and Beptember. ■ -\ / 
' Sonchtis oleraGetis.: ; : / 

: ^ Flmdago^^. ]^ - : " 

Mentha piperita . .y : " - ■ -\: 
Stadvys mquata. - : - : . 

; Solamtm tidyerosum. : s " - ■ 

Chenopodiummurali, 
Chenopodiiim alhiim, 

Amarantusretrofiextis, _ 
Polygommpersicarm--BtGm often e covered by scales. 

Urtica holoserwea—K favorite plant, on which, the scales devel- 
oped with unusual rapidity and to large size. 

Care:^^ spp. : . " : ^- - - 

' JRaspaMm^^, _ -.. ' \ \ ' ' ... \ 
Panimim cmis-galli. _ : -. 

CHAItACTERS AKIX LIFE HISTORT, ' 

The genus J6*ert/a was first described by Signoret in the Annates de 
la Socidtd Entomologique de Prance '^^ for 1875, pp. 351, 352, and was 
founded on the sinde species I. sacchari (Guerin), which occurs on 
BUgar cane at the Island of Bourbon. He knew only two stages, the 
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fuU-growii f emale a^iid tlie newly hatched larva, "but these were de- 
scribed with his cnstoDiary ca/re. 

Mr. Maskell, in descrihiiig the si)ecies nnder consideration, places 
it withotit much hesitation in this genus, and later, in 1883, still 
places it m leery a, after examining specimens of J. sacchari sent 
him hy M. Signoret. In his originar paper (Trans. Proo. Z, Inst. j 
1878, 220}, Mr. Maskell describes quite carefully the egg, the young 
larva, the second stage, and the full-grown fomale, but had not seen 
the male larva^ cocoon, or adult. Professor Conistock (Ann. Rept. 
Dept: of Agric., 1880^ p. 347) follows Maskell's description quite 
closely, and introduces no new facts. 

: TheVe is therefore a ^ review of the complete 

life history of the insect, a;nd this we have endeavored to give in the 
following pages. - \ 

The Egg (Plate 11, Fig. 1).— The egg is quite smooth, elongate- 
ovate in form, and is of a deep orange-yellow color. It measures 
about 0.7™"' in length. 

The average number of eggs laid by the female varies according to 
the vigor of the individual or the condition of the plant npon which 
she dwells; prolificacy,diminishing in proportion as the plant is badly 
infested— a generaT law among Goccid£e. Over 800 eggs have been 
Gounted in a single egg-mass by MT..Goquillett, while Mr. Koebele has . 
(Counted in, a single egg-mass, which, by the way, was found upon 
nettle {UrUca holosericea), MO egg^ 72 young larvse, while 123 
eggs yet f eniained in the dead body of the female, making a total of 
iyl35. eggs from the^single female. 

The time recjuired f or the eggs to hatch after leaving the body of. 
the female varies with the temperature. ' In- the winter-time the sacs ' 
are tisually filled with eggs, while in the hottest part of the summer • 
seldom more than one or two dozen wiH be found in each sac. Som_e 
collected by Mr. Coquillett on the 1 8th of March did not hatch until 
the 10th of May; but in mid-summer hatching is only a matter of a 
few days. _ v 

The FEMALE Larva— FIRST Stage (Plate I, Pig. 2, and Plate II, 
:Fig, 2).— The newly hatched f emale larva (and probably the m^^le is 
identical with it at this stage of growth, since we have not been able 
to separate them into males and females) is red in color, inclining som.e- 
what to brown. The body is oyoid in outline, being flattened beneath 
and convex above. The antenna? a^re long and 6-jointed. Joint I is 
short and stout, and as broad as long - joints 2, 3, 4, and 5 subcylin- 
drical and subequal, much more slender than joint 1, and twice as 
long as broad; joint 6 is as long as 4 and 5 together, and forms a long 
club, at base equaling joint 5 in diameter, but broadening out to twice 
its width at tip. The basal portion of the chib is sometimes distinctly 
separate from the rest, forming an additional joint. All joints have 
a few sparse hairs, and the club, in addition to several short ones, 
bears near its tip four very long ones, each of which is considerably 
longer than the wh ole antenna. The legs are thin and brown in color. 
The coxa^ and femora are moderately large, while the tibiae and tarsi 
are long and thin, the terminal joints of the latter bearing' several 
long hairs. The upper digitules are represented by simple lairs, but 
the lower ones are present and are bent near the base. The eyes are- 
prominent and are each mounted on a short tubercle. The mentum; 
is broad and apparently 2-jointed. The rostrum is broad at base and 
the rostral set® are not very long. At the tip of the rounded abdo-, 
men are 6 small toibercles, 3 each side of tip, each of which carries a ^ 
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long stout hair, which is as long as the whole body. The body above 
shows 6 rows 01 secretory pores; 4 along the middle,^ and 1 on each 
side. More or less regular rows of hairs alternate with these pores. 

Female Larva— secoi^b StageV— According to MaskeU and Corn- 
stock, there are but three stages of growth in the female after hatch- 
ing, and these are readily distinguished by the number of antenna! 
joints; the larva of the first stage having 6, that of the second 9, and 
the adult 11. Messrs. Coquillett and Koebele came to the same con- 
clusions, and all have overlooked a form which we have found quite 
abundantly among the material we have studied, and which seems to 
constitute an intermediate stage between the so-called first and second, 
and which is of course produced by an additional molt which we have 
personally observed in the field. Hence the so-called '- second stage " 
of these authors becomes third, while the adult female is fourth in- 
stead of third, and there are 3 molts instead of 2. 

This new intermediate form (Plate II, Fig. 3) differs from the 
female larva of the first stage in the following respects: It is much 
more rounded and of a stouter general appearance. The antennes 
have the same number of joints, 0, but their relative proportions are 
quite diffierent. The antennae as a whole are relatively much shorter. 
Joint 1 is short and stout, its length equalling its breadth; joint 2 
equals joint 1 in length, but is not quite so broad ; joint 3 is as broad 
as joint 2, but is twicd as long ; joints 4 and 5 are equal in length and 
width, each narrowing somewhat at base and tip^ each considerably 
narrower than joint 3, and each of the same length as joint 2 ; joint 
6 (club) is of an irregular shape ; at base it is as narrow as joint 5, 
but it broadens until it is slightly wider than 2 or 3, and its tip is 
' narrowed again ; its shape is that of an irregular rhomboid with 
rounded angles and sides, the acutest angles at base and tip. The 
aiitennge carry about the same number of hairs as in the first stage, 
but those homologous with the four very long hairs of the club in 
that stage are in this second stage but little longer than the other an- 
tenna! hairs. The eyes do not appear on the margin of the body, and 
are only seen on a ventral view. The legs are proportionately much 
shorter, and the femora are stouter ; the trochanters are broader dis- 
tally, and consequently form a broader triangle in shape. The six 
tubercles at the anal end of the body are still present, but the hairs 
which they bear are much shorter. The secretory pores are no longer 
arranged in rows, but are scattered sparsely over the back and under 
the sides. The back is more hairy, and the short black hairs occur 
in irregular tufts. 

Female Larva— THIRD Stage (Plate II, Fig. 4).— That which has 
heretofore been considered the second stage, and which, as we have 
just seen, is the third, may be described as follows : 

The body is broadly oval in shape and reddish-brown in color, but 
is soon obscured more or less by the thick, curly, cotton-like excretion. 
The antennae are 9 -jointed instead of 6, and are subcylindrical, tapei*- 
ing somewhat from base to tip. Joints 4, 5, 6, 7, and 8 are subequal in 
length, and each is about as long as broad ; joints 2 and 3 are broader 
and considerably longer ; joint ! is like the corresponding joint in the 
previous stage; joint 9 (club) is a suboval joint, proportionately much 
smaller than in the previous stages; it does not exceed joint 8 in 
width, and it does not quite equal joints 7 and 8 together in length. 
The long hairs of the club are proportionately quite short. The in- 
sect as a whole is much more hairy than in either of the previous 
stages. The hairs are short and black, and show a marked tendency 
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to grow together in tufts ; even wlien tlieir bases are well separated 
their tips tnrn toward each other or toward tho common center of a 
group ; they are quite thickly scattered over the thorax, hut less so 
over the abdomen ; all around the. edge of the body they appear in 
close tufts^ and the concentric subdorsal ring of tufts which is so 
prominent in the next stage is plainly seen in this. The secretory 
pores are scattered irregularly all over the back, and are more nu- 
merous than in the previous stage ; they also occur under the lateral 
edges of the body. They are small and circular, and, seen directly 
from above, have a double outline, indicating a circular central ori- 
fice. Around the edge of the body is a row of much larger porefs, 
brown in color, which protrude from the body, masked by the lateral 
tufts of hairs, each with a circular crown or lip at tip, from which 
proceeds a long, f ragile, glassy tube. (Plate II, Fig. 6. ) The legs and 
feet are a little stouter than before, the tarsal digitules are shorter, 
and their enlarged tips quite indistinct. The six anal hairs are still 
present, though hardly noticeable as they protrude from the mass of 
shorter hairs. 

The adult Female— fourth Stage (Plate II, Fig. 5).— Imme- - 
diately after the molt by which the insect passes into this stage, it is 
free froM the waxy excretion and presents a broadly oval form, flat- 
tened below and quite strongly convex above, with two prominent 
raised surfaces on the second and third thoracic segments. Its color 
is still reddish brown, with several darker spots, especially upon the 
front half and along the sides of the posterior half of the body, and 
the antennae and legs are black. The antennae are now 11-jointed 
instead of 9; joint 1 is nearly twice as wide as long; joints 2 and 3 are 
subequal iji length and thickness and are each somewhat longer than 
broad; joint 4 is a little more than half as long as 3 and is narrower- 
joints 5, 6, 7, 8, 9, and 10 increase gradually and slightly in length 
and decrease very slightly in width ; joint 11 (club) is irregularly ovoid ' 
and is one and one-half times as long as 10; the special hairs are a 
- little shorter than in the previous stage. The whole body is furnished 
with short, black hairs, more numerous than in the last stage, arranged ' 
in tufts, particularly around the edge, where they occur in a double 
parallel TOW, the inner row being practically subdorsal and accentu- 
ated by a slight ridge. Down the central portion of the dorsum of 
the abdomen the segments ape indicated by the transverse rows of hair 
tufts. The secretory pores are exceedingly abundant, occurring in 
enormous numbers just under the lateral edges of the body, and scat- 
tered more sparsely over the back. The individual wax filaments 
which issue from these pores are very delicate and curly, and there 
is reason to suppose that two or three issue at one time from one pore, 
as they are frequently seen connected at base; the pore opening, 
however, seems to have a single simple opening. The inner row of 
tufts on the back is broken at its anal point by a depression, in which 
is situated a very large pore, from which the insect occasionally ejects 
a globule of a semi-liquid honey-dew. This depression is surrounded 
by an irregular ring of haii^s, which are yellowish in color instead of 
black. The glassy filaments arising from the large tubular pores 
described in the last stage are now very long and radiate from the 
body in almost every direction. They break off easily, yet still often 
reach a length double that of the insect and her egg-sack together. 
What is probably the opening of the oviduct is situated on the under 
side of the seventh abdominal segment. It is surrounded by a trans- 
versely oval chitinous ring. 
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The Egg-sao (Plate I, Fig. 4).— As the body of the female hegins 
to swell f rom the eggs formiiig insidey the begiiining the egg-sac is 
madB^ The f ^ flat on the bark, the edges of the body turned 

slightly upwards, and the waxy material of which the sac is composed 
begins to issue from conntless pores on the under side of the body^ but 
more especially along the sides below. As the secretion adTances the 
body is raised, the cephalic end being still attached, nntil, near the 
conipletion of the sac, the insect is apparently standing on its head, 
nearly at right angles to the snrface to which it is attached* The egg- 
laying commences as soon as a thin layer of the secretion has formed 
on the under side of the abdomen, and it continues dxiring the forma- 
tion of the saCi There soon appears around the edge of the abdomen 
a narrow ring of white foltlike wax, which is divided into a number 
of flutings (Plate I, E'ig. 3). These flutings grow in length and the 
mass of eggs and wax imder them increases, forcing the femiale up- 
ward until the sac is completed. When completed, it is from two to 
two and one-half times the length of the female's body. It is of a 
.snow-white color, and the outside is covered with 15 of these longi- 
tudinal ridges or flutings, of subequal size, except that the middle one 
is smaller than the others. The upper part of the sac is firm in text- 
ure, but the lower is looser and tliinner, and from the maddle of the 
under side the young make their escape soon after hatching. The 
size of the sac and the length of time required in its growth depends, 
leaving; the weather and the health of the f ood-pla,nt out of consider- 
ation, upon the number* of eg;gs which the female deposits. So long 
as o viposition continues, the secretion of wax accompanies it and the 
egg-mass grows. Concerning the rate of growth Mr. Coquillet gives 
the following instance: ^ 

" On the 4th of May of the present season I marked a large number 
- of females which were located upon the trunk of an orange tree that 
was not in a very healthy condition. These females had. iiist begun 
to secrete the cottony matter, the latter at this date being in the form 
of short but broad tufts around the margin of the abdomen, those at 
the hind end of the latter being longest. By the Slst of May the 
cottony matter was 0qu.al in length to one-third of the female's body, 
and by the middle of July it about equaled in length the entire body 
of the female. As the egg-masses of som.e of the females upon the 
same tree were longer by one-half than the bodies of the femaleswhich 
produced them, it is very probable that at least another month must 
elapse before the egg-masses of the females which I observed would 
be completed. It is altogether likely , however, that these egg-masses 
woiild have been completed in a; shorter time' had the females been 
located upon a healthy tree. The egg-masses found upon healthy 
trees attain larger size than thoiJe found upon sickly trees, owing 
doubtless to the fact that the females living upon trees of the former 
kind are more vigorous than those upon unhealthy trees. 

The MALE LARVA--PROBABLE SECOND Stagb— Neither Mr. Co- 
quillett nor Mr. Koebele were able to distinguish the male larvfe until 
these had reached the stage in which they form their cocoons. Among 
the si3ecimens studied at the Department, and which were sent alive 
from Los Angeles by Mr. Koebele, we have found a larval form 
which has not yet been described, and w^hich we strongly suspect 
may be the raale in the second stage. - This f orm is illustrated at Fig. 
7, Plate II. it differs from our supposed second stage of the female 
in its more slender form, longer and stouter legs, and longer and 
stouter antennsB. The legs and antennse are not only relatively 
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longer and stouter^ 'hut are absolutely so. Tlie body above is mueb 
more tMoMy elotiied witb ^ than the correspond- 

ing female stage, and tbe mentiim is longer and darker colored. The 
antennae are 6-jointed/ and the joints liaye precisely the same strange 
relatiYe proportions as in the female. The secretory pores are pres- 
ent^ but are'not qnite so nnmerons as in the female. 

Male Larva— THiRi) Stage.— In this, the third or last larval stage, 
the male is readily distinguished with the naked eye from the female 
in any stage by the narrower, more elongate, more flattened, and 
evenly convex form of his body, as well as by his greater activity in 
crawling about the trunk or branches of a tree. More careful exami- 
nation shows that the beak is entirely ^vanting, the tubercle from 
which it arises in the earlier stages being replaced by a shallow tri- 
angular depression. The body is almost naked, being very sparsely 
covered with a short, Miite, cottony matter, and is destitute of the 
short but stout black hairs which are found upon the body of the fe- 
male during the third and fourth stages of her life. In the absence 
of black spots and in the 9-joir_ted antennse he agrees with the similar 
or third stage of the female, and the average length when full growii 
is aboiit S^''"' and diameter about 1™™. 

The MALE Pupa Ai^D Cocoon. --■When the male larva has reached 
full growth and is ready to transform it wanders about in search of 
a place of concealment, finally secreting itself under a bit of project- 
ing bark, under some leaves in the crotch of the tree, or even wedg- 
ing itself down under a mass of females. Very frequently, probably 
iii the majority of cases, it descends to the ground, and hides under a 
clod of earth or works its way into some crack in the ground. Hav- 
ing concealed itself , it becomes quiescent,, and the delicate, flossy sub- 
stance of which the cocoon is formed begins to exude abundfantly 
from the body. This material is waxy in its character, but is lighter 
_ and more flossy and less adhesive than that of which the egg-sac ol 
the female is composed. After a certain amount has been exuded 
the larva moves baxkwards very slowly, the exudation continuing 
until the mass is from 7'""' to IG™" in length. Erom this method of 
retrogression it happens that the body of the larva is frequently seen 
protruding posteriorly from the ma-ss, which naturally leads to the 
.erroneous conclusion that the material is secreted more abundantly 
from the fore part of the body, vfhereas the reverse is the case. When 
the mass has reached the proper length the larva casts its skin, which 
remains in the hind end of the cocoon, and pushes itself forward into 
t^hemiddleofthecocoom — . 

The pupa (Plaisg II, Fig. 8) has the same general color as the larvae 
the antennae, legs, and wing-pads being paler and the eyes dark. It 
has also the same general form and size. AH the members are free 
and slightly movable, so that they vary in position, though ordina- 
rily the antennae are pressed close to the side, reaching to basal part 
of metathorax(ventrally); the wing-j^ads also against the side, elon- 
gate-ovate in form and reaching to second abdominal joint. The legs 
are rather shorter than the diameter of bod}^, and the front pair 
thrust forward. The anal end is deeply excavated, the abdominal 
joints well separated, the mesonotum well developed, and the prono- 
tum tuberculous or with some 8 i)rominences; but there are no other 
structural peculiarities. The surface is, however, more or less thickly 
covered with waxy filaments, which are sometimes exuded in suffi- 
cient quantities to give quite a mealy apj^earance. 

Whenever the pupse are taken from the cocoon and placed naked 
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in a tin box they exnde a certain amount of wax, of ten enough to 
partially hide them from yiew. If disturbed/ they twist and bend 
their bodies qnit e vigorously. 

The cocoon (Plate I, Fig. o) is of an irregular elongate shape, 
appearing a little denser in the center, where the pupa has placed 
itself , and at the edges delicate and traiislucent* The material of 
which the cocoon is composed is very delicate, and appears like the 
finest cotton, but on submission to a gentle heat it melts as readily 
as the coarser secretion of the female, and leaves the larva or pupa, 
as the case may be, clean and exposed. • 

The ADULT Male (Plate!, Fig. A careful description of the 
male of this species has never been published. It was unknown to 
Mr. Maskellat the date of his^^^fi^^^ and has not been mentioned 

in any of his subsequent papers. Mr. Trimen attempted to breed it, 
but was unsuccessful. He sa.ys: So little is certainly known of the . 
males of the Coccidae that I have kept from time to time ia large 
number of this Borthesia under glass in the hope of obtaining the 
_ males, but hitherto without success. I once, liovf ever, found on my 
window a male of some Coccus which I thought was very probably 
that of the introduced species, as it agreed in most of its important 
characters with Westwood s figure of the male I)orthesia char acicis. 
It was dark-red, with the wings gray, and very slender and fragile 
in its structure. It measured if inch across the expanded v/ings.'' 
[ The male was unknown to Professor Comstock, but was very briefly 
mentioned by Dr. Chapin in the first report of the Board of State 
Horticultural Commissioners, Sacramento, 1882, p. 68, He found 
the male in numbers during a period of two weeks from September 
25y 1881,^ but . did not observe it in 1882. It is also mentioned by 
Matthew Cooke in his; In jurioiis Insects," &c p. 166, and a 

rough and uncharacteristic figure is given at Fig. 146, Plate 3. His 
few words of description are: Male insect, winged; color, thorax 
and body dark brown; abdomen, red; antennse, dark colored, with 
light hairs extendinp* from each joint; wings, brown, iridescent." 
The following detailecl description is drawn up from numerous speci- 
mens, both mounted and living: 

The adult malu is a trifle over 3"^™ in length, and has an average wing expanse of 
7. 5*^™. The general color is orange-red. The head above is triangular in shape, 
with the apex blunt and proj ecting for ward bet ween the bases of the antennae. The 
eyes are ]^acod at the other apices of the triaDgle, and are large, prominent, and fur- 
nished witii well-marked facets. There are no mouth-parts, but on the under side 
of the head is a steUate black spot with five prongs, one projecting forward on the 
conical lengthening of the head, one on each side to a point just anterior to the eyes 
and just posterior t tho bases of the antennae, and the remaiiang two extending lat- 
erally backwards behind the eyes. The antennae are hght brown in color and are 
composed of ten joints. Joint 1 is stout, almost globidar, and nearly as broad as 
long; joint 2 is half as broad as 1 and is somewhat longer; joint 3 is nearly twice as 
long as 1 and slightly narrower than 2; joints 4, 5, 6, 7, 8, 9j and 10 are ail of about 
the same length as joint 3, and grow successively a little more slender; each joint, 
except joint 1, is furnished with two whorls of long light-brown haks, one near base 
and the other near tip; each joint is somewhat eonstrioled between its two whorls, 
joint 2 less Bo than the others. There are no visible ocelli. The pronotum has two 
wavy subdorsal longitudinal black lines, and the mesonotum is nearly all black, ex- 
cept an oval patch on tho scutum. The metanotal spiracles are black, and there is a 
transverse erescent-shaped black mark, with a short median backward prolongation. 
The mesosternum is black. The legs are also nearly black abnd quite thickly fur- 
nished with short hairs* The wings are smoky black, and are covered with rounded 
wavy elevations, making a reticulate surface, a cross-section of which would ap- 
pear crenulate. The costa is thick and brown above the subcostar vein, which 
reaches costa at a trifle more than four-fifths the length of the V7ing. The only 
other vein (the median) is given off at about one-sixth the length of the wing, and 
extends out into the d ek a little more than one-half the wing length. There are 
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in addition, two wMte lines, one extending out from the fork of the subcostal and 
the median nearly straight to the tip of the wing, and one from the base in a grad- 
ual curve to a point some distance below the tip. Near the base of the wing below 
is a eniall ear-shaped prolongation, folded slightly' on itself , making a sort of pocket. 
The hal teres are foliate, and furnished at tip with two hooks, which lit into the 
folded projection at base of wings. The abdomen is slightly hairy, with the joints 
well marked, and is furnished at tip with two strong projections, each of which bears 
at tip four long hairs and a few shorter ^nes. When the insect is at rest the wings 
lie flat upon the back. 

RATE OF GROWTH OP THE DiFFBBENT STAGESc 

The ra.te of growth, of the insect necessarily depends so much upon 
surronnding conditions^ and especially on the mean temperature^ that 
it is diUcult to make any definite statements as to time elapsing be- 
tween molts or that required for other periods of the insect's growth. 
No facts have hitherto been x^ublished which bear upon this point. 
Mr. Ooquillett's observations show that individuals hatched from 
eggs on the 4th of March cast the first skin on the .23d of April, and 
underwent the last molt on the 23d of May. Mr. Koebele also re- 
ports a case which bears upon this point, and which is interesting as 
occurring, later in the season. He placed four newly hatched larvse 
on a healthy young orange tree, out of doors, August 5. On Septem- 
ber 26 two of them passed through the first molt. October 10 one 
more molted, and on October 23 the fourth cast its first skin. AH 
left the leaves after molting and settled on young twigs. None of 
them had gone through the last molt when lie left Los Angeles, No- 
vember 6. He was afterwards informed by Mr. Alexander Craw, of 
Los Angeles, that nearly all of the insects were full-grown in Feb- 
ruary, and he therefore concluded that the individuals observed by 
him would not attain full growth before that time. 

The mature male larva requires on an average about ten days from 
the time it begins to form the cocoon before assuming the pupa state, 
and the pupa state lasts from two to three weeks. The more reliable 
information we, have been able to obtain, would show that at Los. 
Angeles the average number of generations each year is three. 

The newly hatched larvae settle upon the leaves and tender twigs, 
insert their beaks, and imbibe the sap. On passing into the third 
stage they seem to prefer to settle upon the smaller twigs, although 
a few are found upon the leaves and still fewer upon the larger 
branches and trunk. The adults, however, almost invariably prefer 
the trunk and largest branches. 

; The insect is rarely found in any of its stages upon the fruit. 

The species differs markedly from most Coccid^ in being active 
during the greater part of its life, though most of the traveling is 
done by the female immediately after the third molt and by the male 
just before settling to make his cocoon. At these periods they wan- 
der up and down the trunk and larger limbs until they find some 
suitable plcxce, when they settle down, the male to pupate and the' 
female to insert hor beak and develop her eggs and their character- 
istic waxy covering. She is capable of slow motion even after ovi- 
pos;ition has commenced, but rarely does move unless from some ex- 
ceptionar cause. In tlius settling after their last wanderings both 
sexes are fond of shelter and will get u.nder any projecting piece of 
' 61 AG— -'86 
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bark or under bandages placed aroiiiid tlie tree, tta male often creep- 
ing under clods of eartli. Botii the female and tlie male, in adoles- 
cence, are most active durmg tiie Hotter parts of tlie day and remain 
stationary at niglrfc; bnt tlie perfect or winged male is rather slug- 
gish; during the day, nsnally remaining motionless oh the under 
side of the leaves of low plants or high trees, in crevices of the hark, 
or wedged in between females on the tree. Hiere seems, in fact, to 
be a well-marked attempt at eonce9lment. The recently developed 
individnals are found abundantly on or under clods of earth near 
their pupal oocoonSj and they issue most numerously during the lat- 
ter part of the afternoon. They are at first w^eak, awkward, . and un- 
gainly, and instinctively seek some projection on the tree or elevation 
on the ground from which to launch on the wing. 

At the approach of night they become inibued with a very high 
degree of activity and dart rapidly about on the wing. At such 
times they swarm around the infested trees, and many of the females, 
even some with large egg-masses, hold their bodies raised obliquely 
from the bp^rk/ as thougli awa^re of the T)resence of the m£des. In 
September and October Mr, Koebele noticed that the males began 
their flight about 5 o'clock, and as soon as it was fairly dark they 
again settled down to rest, 1^ one have been observed flying at night 
and none have been attracted to the electric lights, 

EXUDATION OF THE HONEY-DEW. 

It required but a few hours upon our first visit to Los Angeles, the 
latter part of March, to become familiar with the insect in all its 
habits and conditions, as at that season the species is to be found in 
all conditions from the egg through all the stages of both sexes. But 
the characteristic of this reniarkable insect ^vhich most obvipusly at- 
tracted our attention and distinguished it from all other species of 
the family, even where there were no gravid females v/ith the liuted . 
cushion, was the saccharine exudation. As with most Aphids and 
Coccids, this sweet liquid is exuded at all stages of growthVbut is 
most copious from the adult female just before oviposition begins. 
It is expelled with considerable force from the large pore already de- 
scribed,^ and in hot weather with sufficient rapidity to produce all the 
elf eots of honey-dew. Usually it is limpid enougli to soak and dis- 
color the trunk and to drop as it accumulates from the leaves, some- 
times being so copious as to remind one of a shower; but at other 
times, and especially during dry v^^eather, the sugaii condenses and 
forms large drops or masses of white, semi-opaque, sirupy liquid, 
which adheres to and often completely covers the insect, so that the 
trunk of the tree looks much as if it had been bespattered with caustic 
potash or melted stearine. At other times the liquid parts evaporate 
entirely and leave masses of pure w^ 

^ Honey-loving insects seek this sugary secretion in mimbers, and it 
is always -folio wed by the black mold" or smut (Ca^nodium idtri), 
which is so universal an accompaniment of all honey-secreting Ho- 
moptera, living as it does on the saocharino deposit/ The secretion 
;-being so very copious from Icerya, the smut is equally- thick- and co- 
pious in her wake. Indeed, tlie'great prevalence" of this smut -in the 
: xcerya-inf ested groves of ,Giilif ornia /(rendering it : necessary to wash 
or cleanse the gathered fruit) is as characteristic of the Pacific coast 
as the rusty effect of the Rust-mite (which is unknown there) is of the 
oraiige groves of Morida. 
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; ICGDE, OF SPEBAB - AND- mSTRIEUTION, 

Tlie spread of tliis species will be aided by Tery mnoh the same 
agencies that affect the spread and dissemination of other species of 
scalo-insects„ We have already,: in. 1868, in treating of the Oyster* 
shell Bart-louse of the Apple,* and again four years later disr 
cussed the principal methods hy which Buch spread is pn'oin.oted, viz, 
hj the agency of v^ind and running %vater; by the young being carried 
upon birds and other animals, particularly flying insects frequenting 
the same trees; but primarily by transport upon scions and nursery 
■stock. . - ^ - / 
- In iiiaects likethe CoccidcG, where the locomotive power is confined 
for the most part to a few days in early larval life^ the species would 
be very much restricted in range, and would never pass from one coun- 
tey to another, except by some of the agencies above indicated. Our 
observ.atioiis since %Ye first wrote upon this subject, as well as the 
extended observations of Mr, Hubbard in ITlorida, and given in the 
special report on Insects aiiectin as also Mr. Coquil- 

lett's Qbservations on the distribution of the particular species in ques- 
tion, all go to confirm, the potenoy :of these means of distribution. 
Thus Mr. Hubbard found that lady-birds (CoccinellidEe), and more 
partieurarly gossamer -spiders, are active agencies in such di'stribu- 
tion. The agency of the wind, as indicated by the more rapid spread- 
ing in the direction of prevailing winds, has often been verified. Mr. 
Goquillett reports; '^In the infested part of this city (Los Angeles) 
is a large vineyard, and on both the north and south sides of it is an 
orange orchard ini est ed by these insects; but, while the recently 
hatched insects occur on the vines as far out as the tenth row of 
grcipe-yines on the south side of the vineyard, they are not found 
upon the vines beyond the third row on the north side, the wind, as 
stated above, blowing from the southwest. No adult females are to 
be found oii any part of this vineyard, and the young insects must 
have been carried by the wind from the infested orange trees on 
either side of the vineyard." Our own experience in California 
showed that similar, evidence of the influence of the prevailing wind 
in promoting the spread of the species is general. 

While Mr. Hubbard's observations show that the action of the wind 
is indirect rather than direct, by infiuencing the flight of winged in- 
sects and the floating of spiders which transport the scale-insects, jet 
we have every reason to believe that winds have a much more direct 
influence than is generally supposed, especially in the case of severe 
storms passing over infested districts at the right season. We laid 
emphasis Oil earlier writings, and Mr. Goquillett, while 

admitting the influence of birds, insects, and water in the transporta- 
-tion at (yaT -Icerya,_ lays greatest stress upon the direct agency of tho 
wind. Young scale-insects are not easily dislodged, but where a tree . 
is badly infested there is every reason to believe that they instinctively 
■ drop from the terminfu twigs, and their specific gravity is so slight, 
that they may bo carried long distances in strong wind currents. 

In regard to the influence of birds upon the spread of the Cottony 
Gushion-scale, Mr. Goquillett observed that whenever the nest of a 
bird is f ouiid' iipon a tree recently infested with this insect, the latter 
:Will be f ound to be most niimerous in the immediate vicinity of the 

y. \ ; * First Report Insects oi; 'Missouri, p. 15. 

f Fifth. Bejoort Insects of llissouri, pp. 85, 86. 
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nest, tlius mdicating that the young had been aooidentally bronght 
there and in consMerahle nnnibers bv the^ There is no 

doubt also that the irrigating ditches liave a very marked inflnence 
on the spread of the species, as many of the ditches pass nnder in- 
fested trees, and the waxy secretion serves both to protect the insect 
from the water and to faciiit^ 

While/therefore, the gradual spread from orchard to orchard is in 
the main throngh the agency of other flying insects and gossamer 
spiders, yet the transportation of the pests to long distances must 
necessarily be effected throngh the agency of high winds, birdsy and 
man in commereial intercourse, the latter being probably the only 
means by which the sx)ecies have been introduced from .one country 
' to another separated by wide ocean areas. 

^ -NATURAL-^EKEMIES./' 

- BiRDS.-~The natm*al enemies of the Cottony Cushion-scate seem to . 
be very foAV in number, not only in California but also in South 
Africa and New Zealand, ; In South Africa the only bird Avhich is 
recorded as feeding upon this scale ii3 the common White: Eye" 
{Zosterops Gape7isis),avA i}d given by Mr. Trimen upon hearsay 
evidence only: "I have not noticed any of our small birds attacking 
the jDor^/ie5'ia, biit Mr. C. B. Elliott tells me that his boys have ob- 
served the little ^ White Eye' *^^^*^ pecking at them." From 
; what we have been able to learn of the habits of this bird, however, 
we are inclined to think that it is attracted rather by the abundant 
secretion of honey-dew and the minute insects caught in it than by 
the scale-insects themselves. : _ ; ; - \ . . - . 

: Nmther Mr. Goqnillett nor Mr. Koebele observed any bird feeding 
upon it. The reason for this exemption is probably the -copious se- 
cretion of wax, which is d_Gubtless distasteful. ■ Several reliable per- 
sons report that ducks and chickens feed greedily upon those scale- 
insects which are dislodged from the trees. On one occasion a brood 
of six young ducks gorged themselves upon scales which had been 
washed from the trees with pure water, and on the same day tv7o 
ducks died. Oh the day following three more dded, while the sixth 
recovered after an illness tof several days. This disastrous elf ect was 
; probably due to the greed with which the scales were eaten, as they 
were said to produce no such result with chickens wdiich ate them at 
the same time. 

. ,. PbiiJdaceous Insects.— The only p insect observed by 

. Mr. Coquillett to f eed upon the Cottony Cushion-scale was the larva of 
a species of Lace-v/ing fly (C7ir^^^ which w£is not bred and 

cannot be named more exactly. V 

\ The Ambigu Otis Lady -bird (S"'?^^^^ has been no- 

ticed feeding ui3on the eggs when they were exposed to view b^^- the 
egg-sac^heing broken open; but neither this nor any other species of 
Lady-bird was seen to feed u|)on the adult insect, although commonly 
attracted by the honey-dew secreted. " 
; Among the prodBceoua insects: found by Mr. Koebde^^^ sent tons 
- for study we may mention first the larva of a small moth {Blasto- 
hasis^:%cery(Eella n. sp., Plate III, Mg. 3), although as yet we are not 
certain that it ordinarily preys, upon the living and uninjured scale- 
. . insects or their eggs. Like certain other so-called predaceous^Lepi- 
-V doptera, it may be attracted primarily by the waxy secretions of the 
bark-lice, and only incidentally destroy the insects and their eggs. 



REPORT OF THE ENTOMOLOGIST. 



485 



Tliese larvse were often found feeding in the egg-masses of females 
wMcli liad been destroyed by soap wasKes, and also in sacs the eggs 
of wbicli bad batclxed some time previously, but never upon fresh 
eggs. One of the larvae, kept in a glass tube with living scales and 
fresh eggs, fed slightly on the waxy mass, but did not thrive until 
after the scales died. It then fed upon the dead scales and molted, 
bxit died before transforming. Two nearly full-grown larvse fed read- 
ily on dead-scales which were still soft, and passed through their trans- 
form ations successfully. The same insect fed readily upon the Black 
Scale {Lecanium olece) , in this case eating the living insects and their 
eggs, forming a silken tube along the twig, and passing fromdne scale 
to another, gust as does the Goccid-eating Dakruma {Dakruma cocci- 
divora)'^ in feeding upon the Cottony Maple Scale at the East, 

This is probably the same insect as that mentioned by Prof essor 
Comstock, Annual Report Department of Agriculture, 1880, p. 336, as 
follows : '' Upon one occasion (August 25, 1880), I found within the 
body of a f iill-grown f emale [of i. ofece] a lepidopterou^ ^ * * 

The specimen, however, was lost, and no niore have been found since. 
From the fact that this larva destroys living Black Scales, we have 
every reason to believe that it will also feed upon living Cottony 
Cushion-scales, and will not confine itself , as heretofore observed/ to 
the dead females and their empty egg-sacs. 

Blastobasis apMdiella, Kiley MS., we have reared from the larvae 
f eeding on the contents of Phylloxera hickory galls. 

The genus Blastobasis Zeller is distinguished by the first anten- 
nal joint being compressed and much broader than the flagellum ; its 
lower side concave, the anterior edge above its base furnished with 
erect hairs ; its ajjex above provided in the male with a scaly tooth; 
the flagellum in the male is filiform, faintly serrate, and furnished 
with short cilise, its base curved and anteriorly excised ; in thef emale. 
it is simple. The palpi are as long as thorax and rather stout in 
the male, faintly compressed and covered with coarse scales, the last 
.joint sligjitiy over half the length of the middle one and its apex 
pointed. The ocelli are present. The front wings are narrow, their 
apiisal portion quite slender and pointed ; eleven-vehied, vein 1 &.dis- 
tinct. The hind wings have seven well-separated veins. This is not 
the place to discuss the variation which the species of the genus are 
subject to; but they are small in size, quite uniform in general color 
and markings, but varying so in the intensity and the details of orna- 
mentation that the- species are liot easily separated, and we shall not 
be at all surprised if future experience should justify the combining 
of several which are now separated. 

Blastobasis ICERY^ELLA n. sp.— Expanse 13'«^ to lo^«^. General color pale: 
cinerepus. JSeaci gray; eyes dull black, fringed posteriorly by rather long yellow- 
ish hairs, which curve oyer them like eyelashes; palpi above pale yellowish -gray; in 
some specimens the inferior surface is almost black, whilst in others there is only a 
slight sprinkMng of blackish scales; antennae uniforrraly grav, with a slight yellow- 
ish tinge and faintly darker annulation, the tuft of the -basal joint almost white. 
J*r^manes cinereous, sprinkled quite densely v/ith blackish scales ; a linear, blackish, 
transverse band more or less distinct (in one male only indicated by a small dusky 
spot at costa), starting from basal third of costa and obliquing posteriorly, it termi- 
nates at.about the middle of inner margin; its inner edge is bordered by a more or 
less distinct paler gray line; the black discal spot, whicli in other species is usually 



* We have bred a species of Dakruma the jmst season ^ indistinguishable from D, 
GOccidttJom, from the Cochineal insect (Ooccws cctcii) received from Dr. A. F. Gar- 
rothers, of San Antonio; Tex. , who collected the specimens at his ranch (luka ranch) 
near Cotulla, La Salle County, Texas. 
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external of the band, in this species forms part of the hand; the two black spots on 
a transverse lino with anal" angle, are. always present, - though the posterior one is 
sometimes more or less obliterated ; these spots are generally relieved ijosteriorly by 
a patch of paler scales, white posteriorly and exteriorly of this, pale patch the black 
scales are BometinieB increased so as to resemble a ti-ansverse posterior band with a 
pale interraptiQn. Tinder surface tiniformlY gray, with slight brassy reflection. 
-Becontlaries pale gray above, glossy below , with brassy reflection. - Fringes -of all 
wings still ;paler, with a yellowish, silky luster. Legs pale gray , the anterior or ex- " 
ternal surface of the front and middle legs, inchiding coxas, being in some speci- 
mens dark gray or almost black, while in others there is only a vslight sprinkling of 
darker scales. In one specimen there is noticed a quite dark band^iear the apex of 
the middle tibiae; hind legs whitish, sometimes with a faintly dusky ^ longitudinal 
streak externally on the tibi^; abdomen of ^a, lighter or darker silveiy gray, gener- 
ally somewhat darker towaitds the end, the anal tuft of the male more or less yel- 
lowish. 

Described from four ^ s and one $ reai'ed from Icerya-f ceding larvge. 

We have not seen good speeimens of tMs larva, and may tiierefore 
qnote Mr. Ikoebele's brief description, drawn iip from fresh specimens : 

The larva while young is of a reddish- white color, with a narrow, deeper red dorsal 
line. The piliferous v/arts are prominent, whitish, with rather stiff white hairs. 
Tlie head and proth Oracle shield are light yellow (testaceous), and bear also a few 
hairy. The fuTbgrown larva is from 5"^"> to 6"^"' long and brownish in color. The 
iiarrow, wlvitis]) dorsal line is bordered with a mottled liver-brown, and the wiutish 
line beneatti this again with a heavier brown subdorsal line. The under side and the 
jCeet are still reddish -white, while the head and prothoracic shield are pitch black. 

This species _is^ closely related to Blastohasis chalcof rontella, and 
also. som.e what to Blastohasis qtcisqiiiUella, from both of which, 
however, it may at once be distingmshed by the blackish band of the 
front wings, which in them: ia granting or only indicated by a small 
dhsky shade at the costa. The head of B. clialcofrordella is also 
broader and of a yellowish-white color, and the palpi and legs more 
concolorons with the body, and the general tint of the wings, more 
yellowishv - " - ■ ' ' . . 

in B. quisquW the head, palpi, and legs are more rafons and 
the general aspect more like chalcof ronteUa, . . ' 

With nubiliella Siml glandulella it cannot be confounded, as 
tel^ are generally larger and dar]^^^ though some specimens of 
7iubiMella are larger than the smaller specimens of icerymella/ The 
band on primaries of niibiliella instead of being linear broadens 
towards the eosta so as to form a transversely elongate, triangular 
spot,: which in some particularly r^ell-marked specimens is quite con- 
spicuous. 

: . In B. glandulella the band is not indicated or but faintly indicated, 
and it is at once distinguished/by the much larger size and uniformly 
darker coloration. . ' \ - . 

A common Tenebrionid l^&BilQ {Blapstinus brenicolUs heo., Plate 
III, Fig.3) was found by Mr, Koebele to occur abundantly among 
; the; rubbish at the foot of the trees infested by Icerya. Egg-sacs 
: which had been: completely eaten out and the eggs devoured were 
found IB. close conjunction with several of these beetles, and in con- 
sequence a few beetles were placed in a pill-box with female scales 
and large egg-masses. In a few days the eggs were all eaten, but the 
insects themselves were not disturbed. It is probable that this is not 
the normal habit of this beetle; yet it may without much question be 
put down as an occasional destroyer of Icerya eggs. The habits of 
the allied JjJpiiragus tomentosMS, as described by Mr. Hubbard in 
his report on Insects Affecting the Orange, p. 75 (Fig. 36), render 
this all the more probable. The Mpitragus wrn observed to feed upon 
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scale-insects of all kinds in Florida, tearing tlie scale from, the bark 
and devonring its contents, and ^sometimes also tlie snbstanco of tlio 
scale itself. - \^ 

^Tlie larva; of a Dermestid beetle (Terimegatoma cylindricum. 
llirby, Yar.:a?ig'M^are) was alscv found among the Cottony Giisliion- 
scales, bat as it wonld only feed on dead scales in confinement^ it is 
not ;lik ely tbat it is_ truly predaceons. - . : ' - 

Prominent among tlie true bugs found upon the infested trees is the 
l^TgQldTOwn Largus sucGinctm Fig. 4), This is said to 

destroy the scale-insects, although Mr, Eoebele could never see it do 
so. He noticed it feeding upon the honey-dew, and on one occasion 
noticed two immature specimens with their beaks inserted in a male 
larya of Icerya. They ran away on his approach, and the larva was 
fotind to be dead; but, as there were numbers of other dead larv£© 
about,; he did not consider that there was any evidence of the ^reda- 
ceous habits of the Largus, Oil the contrary, he observed this insect 
often with its beak inserted into yoiing shoots of Orange. The other 
Heteroptera found by him among the scales were the well-known 
Fiesma cinerea Say, Gorizus hyalinus Fabr (Plate III, Fig. 5),. 
Peritrechus luniger 8sbj, Beosus sp., jLyctocorfs sp., B>nd Piezoste- 
:4hus sp« These last five species have been kindly examined by Mr. 
Uhler, our best authority in the suborder, and he reports the unde- 
termined species as probably new. 

The most efficient destroyer of the Cottony Cushion-scale at Los 
Angeles is perhaps a species of earwig, family Porficulidse (Plate III, 
Fig. 6), neither the genus nor species of which we are able to deter- 
mine, from the fact that we have only seen immature specimens. : Ac- 
cording to Mr. Eoebele this insect is of ten met with among the scales, 
and, from ^observations which he made^ feeds greedily upon the lee- 
ry a in all stages, tearing open the egg-masses and eating the eggs, and 
also tearing and eating the mature insects as well as the larvsec The 
breeding habits of the mother earwig and her care of her flock of young 
have been observed by Mr. Koebele, biit have been so well studied by 
European authors as to need no detail here. 

Mr. Koebele also reports the occurrence in the scale masses, in large 
numbers, of a minute whitish mite, which becomes of a reddish color 
when full fed, and which he thinks destroys the female scales. We 
have not seen specimens of this mite> and are therefore unable to de- 
termine it. - 

In a recent communication from Miss Ormerod, already mentioned 
on p. 467, she writes as follows of a nredaeeous insect discovered by 
her correspondent, Mr. Bairstow, of Port Elizabeth, Cape Colony : 

It will perhaps be of some interest to mention that Mr. Bairstow has found a spe- 
cies of Coccinella which has proved (as far as our eoleopterists are aware) to be pre- 
viously undescribed, to be so exceedingly serviceable ui destroying the ''Australian 
bug," as they call it, that he has been supplying it to applicants. Dr, Baly exam- 
ined the specimens sent over for me, and I propose to notice it, with f uU teohnicai 
description and a figure, as i2odoMa icer^oB. 

Parasites.— It is a somewhat remarkable fact that no true para- 
sites were ever bred from the Cottony Gushion-scale until the past 

summer, and still more remarkable that in the course of their caref ul 
investigations, extending over a space of six months, neither Mr. Co- 
quillett nor Mr, Koebele succeeded in finding a single parasite upon 
this insect. From a number of scales, however, sent to Washington 
by Mr. Koebele November 10, we bred^ on December 8^ two specimens 
of a small Ohalcid, which is, without qu^^^ true parasite of 



488 ; BEFORT OF THE COMMISSIONEB OF AaEICULTURE, 



Icerya^ as the female scales from wMclitliey escaped were found each 
with a small ronnd hole in its back. ' . : - - ' ' : ' 

This little parasite (Plate III, Eig, 1) is prettily marked with black 
and yellow. It is new to our f anna and may have been imported wit h 
its host. We turned it over to Mr. Howard for study, and as he finds 
it necessary to erec^^^ a new genus for it, we append his generic and 
specific characterizations : 

IsoDEOMUS n. g., Howard. 

Female.-^ThQ anteniiaa arise near tlie border of the mouth; the scape is not 
widened; the pedicel is much l^^ than the first funicle joint: the funicie joints 
increase slightly in length from 1 to 6 and considerably in width, so that joint 6 is 
more than twice as wide as joint 1; the club is half as long as the f tinicle and is ob- 
liquely truncate from base to tijx The head is thin antero-posteriorly; the facial 
impression is slight; the irmer boi^ders of the eyes are nearly parallel] the ocelli are 
placed at the corners of a right-angled triangle. The scapulae meet on a long line 
at middle. The hind femora have a very delicate longitudinal furrow below. The 
marginal vein of the fore wings is entirely wanting; the stigmal is moderately long 
and bends abruptly downwavdl forming, at fi^ a right angle with the mhmarginaly 
afterwards curving slightly outwards; the postmarginal is absent. The large meso- 
pletira a7^e covered ivith a number of iongitudinal ridges, 

Male unknown. 

This genus belongs to the Encyrtinm, and is more closely related 
to HomalotyMs to any other described genus. Its structural 
affinity to this genus is quite marked, but it is well separated by the 
characters italicized above. It differs in habit also, as Hornalotykis 
is parasitic upon coleopterous larvae of the f amilies Cocoinellidse and 
GhrysomelidsB. , , 

IsoDROMUs lOERYjEj n. sp., Howards 

i^ema7e. —Length 2.2^'^ ; expanse 4. 3 ; greatest width of fore wing 0.7^^™. Head 
and thorax nearly smooth; head very delicately punctured and furnished with a 
very few larger impressions. : Pronotum and mesohotum verv delicately sha- 
greened; mesoscutum and hind border of pronotum with a number of closely ap- 
plied white hairs* The general color is shining black; all of the head except eyes 
and an occipital black blotch, the hind border of both pronotum and mesoscutum, 
all of the tegufee except tip, a blotch each side of the mesoscutellum and one at tip, 
the under side of thorax and base of the abdomen, the upper side of the fh*st abdom- 
inal joint, and a small spot at the abdominal spiracles, yellow. The yellow of the 
head is nearly orange, while the rest is more of a lemon. The antenna? are honey- 
yellow throughout, becoming dusky towards tip. All the legs, including cox£©, 
are yellow; hind femora dark above, black at knees; hind tibise with two black 
bands. Wings clear. Described from 3 spiocimenSe 



REMEDIES AND PEBVENTIVE MEAStJR 

We have indicated in the introduction to this report the more im- 
portant results of the experiments carried on at Los Angeles by 
Messrs, Goquillett and Koebele, and as their reports are later given . 
in full we shall refrain from entering into detail here, and state only " 
a few of the more important convictions that impressed us after the 
first week's experience in the orange groves of Calif ornia. 

Importation OF Parasites.— -The general importance of the in- ~ 
troduction of parasites which affect a species in its native land, and 
which have not accompanied it into the land of its introduction, has 
been insisted on in our earlier writings and in those of others, and 
the ease with which this may be done in the case of the more minute 
parasites of scale insects adds to its importance in their connec- 
tion. Oonsideringthe fearful losses already occasioned to Calif ornia 
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orange-growers by two species (tKe i^ and the Cali- 

torma Red Scale), introdnced from Australia; we know of no way in 
wliich the Bepartnient could more advantageously expend a thousand 
tnan by sendmg an expert to Australia to study the parasites 
ot tiie species there and secure the safe transport of the same to the 
raciiic coast- and the fact that the Commissioner of Agriculture 
is^ prevented from doing so hy restrictions imposed on the Division 
oJ:_JintomGlogy is a sad commentary on the narrow Congressional 
pliey whi^^^^ control administrative action in de- 

tails which can neither be properly understood nor anticipated by 
committees. 

Preventive Action.— The value of clean culture and fertilizino- 

where necesary to induce vigorous growth, but more particularly of 

wise pruning, so as to let in the sun and rain to the heart of the tree 

has been set forth in the special report of the Division on the Insects 

altectingtne Orange, by Mr. Hubbard, and apply equally to California 

as to Jlorida. We have also been particularly impressed with the 

value oi^ wind-bpaks of coniferous t not affected by the Coc- 

cidsB that infest the Orange, both as shelter to the trees and as screens 

toprevent thespreadof the Jcer^a from infested trees outside the 
grove. 

. Spraying WITH Insecticides.— The orange-growers of the Pacific 
naTOsuliered greatly from the advice and recommendations of biased 
or interested persons, who were prejudiced in favor of their own par- 
ticular rem^edies, and were for a long time unyfilling to profit by the 
results ot thorough and careful experiments which we have for some 
y^ars conducted m the East, and which are in the main embodied in 
Mr.^ Hubbard's report. A pretty thorough personal survey of the 
neld has^ convinced us that while the resin soaps experimented with 
by Mr. _E:oebele are a valiiable addition to our insecticides for the 
9^^gQ Go<iqid^, jet m the main our experience in Florida is repeated 
iS— i^-^^^^^^ all the more satisfactory washes have kerosene as 
their eltective base. There has been, and is, however, a very great 
waste in _^applying it, and where from 10 to 50 or more gallons have 
been used on a single tree, from 2 to 4 would suffice. 

We cannot urge too strongly the fact that in the case of this leery a ' 
^.^^ ^^^E^-ie^^^ is practically impossible! 

with the most careiuL^^^ to reach every one of 

the^myriad individuals on a good-sized tree, ' Some few, protected 
t)y leaf-curl, bark-scale, or other ^ s^ will escape, and with their 
^gcund progeny soon spread over the tree again if left unmolested 
MeiKJe two x)r three sprayings at intervals of not more than a month 
are ±ar preferable to any single treatment, however thorough; and 
tms IS particularly true of the Jceri/a, which occurs on so many other 
plants, and which in badly infested groves is crawling over the ground 
between trees. It is now the custom to use the time of a team and 

men for fifteen to twenty minutes or more, and 10 gallons and 
upward of liquid on a single medium-sized tree. In this way th e tree 
is soaked until the fluid rains to the ground and is lost in great 
quantifies, some g^^^ sheet-iron drip-plates around the 

Dase ot tne tree to save and re-use the otherwise wasted materia] 
Ihis IS all wrong so far as the oil emulsion is concerned, as the oil 
rising to the surface, falls from the leaves and wastes more propor' 
tionally than the water. i r ■ 

The essence of successful spraying of the kerosene emulsion con- 
sists m foroing it as a mist from the heart of the tree first and then 
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froBxtHe peripjiery, allowing as little as possilole to fall to tlie ground 
and permitthigveacli spray |;)article to adhere. Jt is test done in the 
cool of the day, and,^wliere possible, in calm and cloudy weather* 
With one-fifth of the time and material now expended in California 
the spraying should be successfully done/ so that three sprayings at 
proper intervals will he cheaper and far more satisfactory than only, 
one as ordinarily conducted. In this xjarticular neither Mr. Goquil- 
lett's nor Mr. KoeheleV experiments are entirely satisfactory/ as we 
were so far from the field while they were being carried on as to 
render any special direction of them impossible. Both strove for the 
practically impossible, viz, the destruction of all^ insects by a single 
apijlication. Mr. Koebele^s estimate of the cost of the kerosene wash 
is also too high, as he used it much stronger than necessary. The 
resin compounds may doubtless be used to advantage in connec- 
tion with the kerosene emulsions; but anything' which will give per- 
manence and preventive character to the wash will add greatly to 
its value. Without going into details as to reasons, wewould there- 
fore recommend the addition to every 50 gallons of tiie kerosene-soap 
wash, made after the usual formula, 3 Qunces of ^arsenious acid. 
Though the a/rsenical preparations are mainly effective against man-- 
dibulate insects, by poisoning through the stomach, they have also 
more or less efiect by contact, and we are strongly of the opinion 
(which we hope soon to verify) that this combination, for the first 
time recommended, will give the spray more rasting effect, and that 
the few insects which escape the direct spray will be destroyed as 
theyVsubsequently leave their protecting retreats or hatch from eggs 
and crawl about the tree. As a means of arresting the growth of the 
black-mold (which is, however, only the indirect consequence of the . 
Goccid)vso troublesome an accoinpaniment of the Jjcer^/a, a small pro- 
portion of sulphate of copper Bright also be added. - ■ v 

Just as there is^ now a great wastage of time and material in drench- 
ing a tree, so the spraying nozzle most in vogu.e in. California is also 
Wasteful. That most comiiaoiily used is the San Jos^ nosszle, in which 
the water is simply forced through a slightly flaring terminal slit in 
a more or less direct and copious jet. The force and directness of the 
spray give this nozzle its popularity under the mistaken s^^ 
notions which prevail, and to this we must add the fact that, being 
a patented contrivance, it is well advertised and on the market. 

The cyclone nozzle has not yet had proper trial to impress its ad- 
vantages, having scarcely been known^I3rior to the experiments of 
Messrs. CoquiFlett and Koebele. That made and sold by G. K Milco 
is patterned in size and aperture after that which we designed to spray 
from near the surface of the ground. What is wanted for an orange 
grove or for trees is a bunch of nozzles of twice the ordinary size 
and capacity, the size of the outlet to be regulated by the force of 
the pump; There is no form of nozzle so simple and so easily ad- 
justable to air purposes. We strongly recommend a bunch of four 
nozzles of twice the ordinary mze and thickness, one arranged so as 
to have the outlet distally or at one end of the piping (which may be. 
ordinary gas-pipe) and the other three on branches, so that the outlet 
is at right angles, each about an- inch below the other, and so placed 
that they are separated by one-third the circumference of the main 
pipe. Such a bunch, with apertures properly adjusted to the occa- 
sion, worked from the center of the tree, will envelop it in a perfect 
bpJl of floating mist, which in a very short time will imbue all acces- 
sible parts. For tall trees a more forcible direct spray might be sent 
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from the end "by siibstitntkig an ordinary jet and tlie wire extension^ 
■wliicli is simply an extension tul^e screwed over tiie nipple, tlie end 
of; tlie tii'be beingv ^ breaks iij) tlie 

liquid forced tlirongli it, and wliicli for force and fine division of the 
particles lias some advantages over the San Jose nozzle. Finftlly^ 
if a series of blind caps and several sets of caps of varying aperture 
are kept on hand, the spray may be adjusted at will, and to suit the 
conditions of wind, pumip force, &:c., that have to he dealt with. 

Fumigating. ---Fumigating the trees will always have the disad- 
vantage, as compared with spraying, that the mechanism is more 
cumbersome, the time required greater, and the first cost in mahing 
preparation heavier ^ and these factors will always give spraying the 
advantage with sihall proprietors or those who have to deal witlr 
young trees. As an offset to these drawbracks fumigation has the 
merit of more effectually reaching all the insects upon a tree, and this 
alone would under some circumstances justify the greater first cost 
and trouble in preparing movable tents for the purpose, providing 
always that a gas, vapor,,or fume be; discovered that will rapidly kill 
all the insects without injuring the tree; virtues not easily combined 
in such subtile media. - 

In Florida proper spraying has been found to be so effectual and 
satisfactory that no elaborate experiments in fumigating have been 
■undertaken, and we are fully satisfied that proper spraying will also; 
prove sufficient in Galif ornia. But so much poor work has been done 
and so many defective washes used that many growers have become 
discouraged, and quite a disposition has been shown to either cut down- 
the ti'ees or resort to fumigation as a last resource. In connection 
with Mr. Alexander Craw, Mr. Goquillett has conducted some experi- 
ments in the Wolf skill orchard at Los Angeles, which le£id them to 
believe that they have discovered a gas whith possesses the requisite 
qualities, and trees that had been treated and which we examined 
pretty carefully would seem to justify their hopes. Several ingenious 
moyable-tent contrivances are also being developed in Los Angeles 
County that give promise of ]3ractical utility and feasibility, and 
which we may have more to say about on some future occasion. 

Bandages around the TRUNK.--There is always danger that a 
tree once sprayed will get reinfested from the insects that have not 
been reached upon adjacent plants or upon the ground, and which in 
time crawl up the trun^^ Any of the sticky bandages used for the 
canker-worm will check this ascent, but when placed directly on the 
trunk may do more harm than good. They should be placed upon 
- strips of tar or other stout paper or felting, tied by a cord around the 
middle, the upper end flared slightly outward, and the space between 
it and the trunk filled with soil, to prevent the insects from creeping 
beneath, 'Gotton should not be used for this purpose, as birds for 
nesting purposes carry away particles of it containing the young in- 
sects, and thus help to disseminate them. 

CoNGLirsiON.— All possible care should be taken in cultivating and 
harvesting the crop to prevent dissemination of the young "upon: 
clothing, packing-boxes, &c., and too much care cannot be exercised 
in endeavors to prevent the introduction of the species from infested 
to non-irifested regions, if ext to destructive locusts no insect has been 
jnore fully legislated against than this Jc^r:^a in Galif ornia. Yet while 
some good has resulted, the laws have too often proved inoperative, 
either through the negligence or ignorance of the officers appointed to 
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execute ihem, or, more oftoii^ tlie indifferencG of tlie courts and tlieir 
unwilMiigriesB to enforce them with vig^^ 

The pest lias eouie to st^iy. No human endeavor can exterminate 
it, B id^ it mav be controlled, and while the greatest possible co-oper- 
lation should be urged and/ if possible, enforced, yet each orange- 
grower musfc in the end depend upon his own exertion; and we say^to 
them, individually and collectively, that there is no occasion for 
discouragement. This insect has made profitable orange-growing 
on the Pacific coast more difficult and more of a science; but,biy mak- 
ing it impossible at the same time for the shiftless to succeed in their 
business^ it wdll come to be looked upon as a not unmixed evil. 

BTTFFALO G^^ATS. . 

: Ordeiv DiPTEKA; family SiMUOM. 
[Plates VI, YH, Vni, and IX.] 

For many years past one of the greatest insect foes the stock- 
raisers of the lower Mississippi Valley have had to contend with has 
been the so-called Southern .Buffalo Gnat. This insect is a small fly, 
closely related to the well-known Black Fly" of the North, to the 
famous " Columbac;^Gnat'- of Hungary, and to other less known but 
as noxious species of the genus SitnuUum, found abundantly in Lap- 
-. land, Brazil, and Australia. These flies swarm at certain seasons in 
immense numbers, and by their bite, multiplied a thousand fold, 
cause great destruction amongst mules, horses, cattle, hogs, sheep, 
and poultry. 

Although we possess in the United States a great number of species 
of tl^e genu& Simulium, only a few of them are so very troublesome 
and noxious as to have ^attracted special attention. The great ma- 
jority of the species are quite local, and occur only in such limited 
numbers as not to form swarms of sufficient strength to occasion any 
serious damage, although they are very troublesome at times in some 
regions. The popular "name '' Southern Buflalo Gnat" includes at 
least two distinct species, and others wiU doubtless be found to con- 
tribute to the injury when the regions are better studied entoniologi- 
cally. In any general account of the distribution of the Southern 
Biiflalo Gnats it must be borne in mind that these two species are fre- 
quently called by the same name, and that even other flies not at all 
related to them are_ caPxed Biiffalo Gnats by the inhabitants of the 
infested regions. 

Although two or more species of SimuUuw. are thus confounded, the 
following general statements will describe the actions of all species. 
• They resemble each other in their life-history so closely, that one 
description of it will apply to that of all. 

The popular name Buffalo Gnat has not been chosen because 
these gnats ever attack the animal of that : name, biit because of a 
fancied resemblance to the shape of the same. Looking at the insect 
from the side, it reveals a very large, hump-backed thorax, with the 
head— furnished with two short anti3nna3, like minature horns— iii the 
act of butting an enemy. The name '' Turkey Gnat," however^ has 
been given to one of the species concerned, because it appears at a 
time when turkeys are setting and sufl er so much by them. ''Goose 
Gnat " is another name used for the same insect for a similar reason. 

. Believing that it is always best in popular nomenclature to adopt 
names already known and given by the people, we shall throughout 
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this articlG desigHate tHe cMef depredator as the ^'Sontherii Buffalo 
Gnat and tlie second one as the "Turkey Gnat, " We shall treat first 
of the Sonthern Buffalo Gnat," but as both sj)ecies occur to a great ex- 
tent through the same region, most of what is said of the one species 
will apply also to the other, their habits being essentially the same. 
We shall call particular attention to the "Turkey Gnat" only when 
it is necessary to show any differences, whether as to distribntion, 
habit3 or character. 

-: THE SOtJTHERN BUFFALO GNAT. . ^ 
{Simulium pecuarum iol. ^-p,) 
GEOGKAPHICAL DISTRIBUTION. 

The region infested bj^ the Southern Buffalo Gnat is much more ex- 
tensive than formerly known. In some years at least it comprises 
the whole of the Mississippi Yalley from the mouth of the Eed River, 
in Louisiana, to Saint Louis, Mo. All the land adjacent to the many 
rivers and creeks that empty from the east and the west into the 
Mississippi River is invaded by swarms. They are driven about by 
the wind, and reach points far away from their breeding-places.- 
The exact localities reached by such swarms can as yet not be given/ - 
but may be mapped out after further investigations. 
: |n Louisima sR the land inclosed by the Mississippi and Red 
Rivers, with perhaps the exception of the extreme western counties, 
is usually invaded by the Buff alo Gnats during a gnat year. South 
of the Red River they become scarce, less aggressive, and appear only 
at very irregular intervals. . ^ 

In Mississippi 2i\l ih^ counties bordering on the river that gives 
the name to the State are more or less invaded during gnat y ears. - 

All ^rfca?i5a6% excepting perhaps the western^ shares the 

same fate. In the numerous creeks and rivers of this State and of 
Louisiana the Buffalo Gnat breeds most abundantly. : 

In Tennessee the same conditions prevail as in Mississippi, but the 
swarms do not reach so far east as in the latter State. 

In 3fi5sowri the Buff alo Gnats infest only the southeastern couii- 
ties. ^- " 

Kentucky does not fare as well as Missouri, since swarms of them 
frequently ascend the Ohio River for some distance. 

Illinois midilndm^^^ in the former 

it is the region bordering upon-the Mississippi and Wabash Rivers; 
in the latter, that on the Ohio and Wabash Rivers. In J 886 Buffalo 
Gnats appeared in large swarms at De Soto, in Jackson County, Illi- 
nois, and along the White River, in Da vies County, Indiana. ■ 

In Eastern- JTcmsa great damage. 

EARLY HISTOBY. 

From the very f act that the Buffalo Ghats have been constantly de- 
nommated by the same term, inevitable confusion must necessarily 
exist in their early history. Such is indicated by the appended re- 
ports of thespeeial agents, who of course could not tell to which of 
the species the information received app»lied. 

It seems that no authentic record exists in Louisiana about the oc- 
currence of the Southern Buffalo Gnat prior to the year 1850. It has 
been reported, however, that they had previously appeared in 1846 
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In 1 861 and 1 8 they were very MmUesome in portions of Missis- 
sippi and Louiisi ana; in ISGo ajid 1364 tliey abonnded aborut SiireYej)ort, 
La^, and' in Cliicot Connty/Arlmnsas/ None are reported to occur 
ill 1805/ but in. ISGG they invaded the _ alluviiil country uetween the 
Arkansas and -Red Rivers east of the "Washita. In 187r_ and 
serious injnry was occasioned by them in several regions in Louisiana. 
But in 188:^ and 1884 they were more destructive than, ever before, 
doing immense damage to4ive stock of alLkinds. Although not gen- 
erally very numerous in 1885, they appeared in suflicient numbers in 
several counties of Louisiana to kill quite a* number of mules. In 
18B6 they appeared generally throughout the whole extent of the 
region infested by them, and they appeared rathei' unexpectedly, be- 
cause it was. so unprecedentedly late in the season. 

In Indiana this insect was weU known as far back as 1843, when 
the settlers used to watch for it every year, as swarms would appear 
in certain regions with more or less regularity, often occasioning con- 
siderable damage. 

It was ascertained from a number of gentlemen in Tennessee and 
Mississippi that the Buff alo Q-nats were well known to their ancestors 
who first settled in that region at a time when Indians were their 
neighbors. 

But every one questioned in the States of Louisiana, Mississippi, 
Tennessee, and Arkansas would voice this universal opinion, vi2, that 
Buffalo G nats come only ^\^ith high water and are contemporary with 
an overfLovy. The connection between an overflovs^ and the apjpear- 
ance of the Bu^lfalo Gnats will be considered farther on» 

^ TIME OF APPEARANCE. 

The time of the appearance of the Southern; Buffalo Gnat is regu- 
lated by the earliixess or lateness of - spring, and it consequently ap- 
pears much earlier in the southern parts of the Mississippi Valley. 
As a rule, it can be expectedj^oon after the first continuous warm spell 

in early spring. The first swarms were observed last year in Louisi- 
ana on Marchll; in Mississippi and Tennessee, May 1; and in Indi- 
ana and Illinois, May 12. Small and local swarms may appear some- 
what earlier or later in the neighborhood of their breeding-places. 
The Turkey Gnat appears usually later, aitliough in 188G it appeared 
near Memphis, Tenn., as early as April 5; the swarms vra/e quite 
local, however, and strictly conlined to the vicinity of creeks that 
produced them. In Louisiana they appeared, as usual, much later 
than the true Buffalo Gnat, and some v/ere found as late as June 6, 
and the bayous disclosed others still in their pupal state. 

The great majority of the species of this genujvare northern insects, 
and appear there in the winged form all tlirough the summer. The 
iarvm require cold water for development. As wo go farlher south 
%^.^:cold tmter cm. o.nly be^-fpuiid iii the inorc-rclovat-ed-rogiuiis or in 
winter or the early months of spring. Earlhie/^s of -:c:>st)n or high 
altitude are there the substitutes for the lower temperalnro of more 
noi^thern latitude. 

^ DUBATIOF OF AK INVASION. 

Swarms _ of Buffalo Gnats usually appear._wi(]h the first continuous 
warm weather of early spring/ Thoy lead a roving kind of life, be- 
ing drifted about with the wind, which frequently carries them long 
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distances beyond their usual hannts. At first the memhers composv 
ing a swarm are very active and hlood-thirsty; hut they soon die, and 
the swarm decreases gradually and soon disappear>s entirely. Kew 
swarms appear continually and replace the former ones. The dura- 
tion of an invasion throughout the regions infested varies from a few 
days to five or six weeks. If cold weather follow their appearance, 
the gnats become semi-dormant ; they are not killed by it nor by rain, 
but revive and become aggressive again with the first warm rays of 
the sun. Hot weather, however, soon kills them and pnts an end to 
any further injury. The duration of life of a single individual is 
short; at least specimens confined even in large and well-lit boxes 
soon die. Buffalo Gnats that have once imbibed blood of any animal 
also soon die, as seen by the large nnmbers found dried up in stables 
in which they have been carried attached to mules or horses. In the 
fields gnats filled to repletion with blood drop to the ground and 
crawl away, soon to die. They suffer, therefore, from their blood- 
thirsty habits, and this seems to be quite a general rule v/ith all those 
blood-suckillg species which are known to annoy man and other warm- 
blooded animals; for the love of blood generally proves ruinous to 
those individuals which are anxious to indulge in it, as we have shown 
to be the case with the Harvest Mite or Jigger.* 

CHARAGTER OF SWARM. 

The number of individuals comprising a swarm cannot be com- 
puted, as swarms vary greatly in size. Their jjresenee is at once in- - 
dicated by the . actions of the various animals in the field. Horses : 
and mules snort, switch their tails, stamp the ground, and show great 
restlessness and symptoms of fear. If not harnessed to plow and 
wagon they wull try to escape by running away. Cattle rush wildly 
about in search of relief. Formerly, when deer were still numerous, 
they would be so tormented by these insects as to leave their hiding- 
places and run away, seeking proteotion even in the presence of their 
greatest enemy, man. ' Approaching animals in the field, we notice at 
once small black bodies, exceedingly swift in their flight, darting 
about their victims in search of a suitable spot to draw blood. But 
even during a very general invasion by these gnats these insects are 
- not uniformly distribtited throughout the region infested, but they 
select certain places. Only low and moist ground is frequented by 
them; exposed or sunny spots are never visited. There may be no 
indications of gnats in a whole neighborhood, and the unxjrepared 
farmer, dreaming of no danger to his mules or horses in passing 
dense thickets of bushes, &c. , near the roadside, is suddenly attacked 
by a swarm of these pests, and is frequently unable to reach a place 
of safety in time to sa^ve his cattle. As suddenly as such swarms ap- 
pear, just as suddenly do they disappear. During a gnat season cau- 
tious farmers never travel with their horses or mules without pro- 
viding themselves with some kind of prott3ctiv0 grease. 

When Buff alo Q-nats are very numerous the whole air in the vicinity 
of our domestic animals is filled with them, at times, and looking to- 
wards the suffering brute, one sees it surrounded by a kind of haze 
fornied by these flying insects. Sweei)ing rapidly vfith the hand 
through the air one can collect hundreds of gnats by a single stroke. 
They crawl into everything, and the plowman has constantly to brush 
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them away from Ms face, which does not always prevent them from, 
entering and filling his month, nose, and ears^ he is so tormented by 
them, and frequently by their bite as well, that he has to cease work- 
ing for the time being. Thoiisands try to enter the houses in vil- 
lages and cities, and the windows are frequently completely covered 
withthem, 

MODE OP ATTACK. 

The flight of all species of S'im'?^ torn is very swift and powerful. 
They possess, in comparison with most other flies, an enormously 
large thorax, consisting of a very tough, chitinous integument, tha\ 
furnishes ample attachment for the strong muscles which propel them 
during their long and continuous flights. 

The Southern Bufl'alo Gnat is exceedingly active in all its motions, 
and is at its bloody work as soon as it has gained a foothold upon an 
animal. The individual flight is inconspicuous and rarely more than 
a few feet from the ground. It is also usually noiseless, but when one 
passesrapidly close to the ear of a person the sound pr^ faintly 
like that of a passing bullet, and no one who has listened to it will 
ever forget it, but will always connect it with their presence. 

If the insects are not very hungry, or if influenced by too warm or 
too dry an atmosphere, they circle around a mule or a horse very 
,muGh like so many small bees ; if hungry, however, tj^ey lose no time 
whatever, but with a few nervous jerks settle upon the. selected spots 
and immediately go to work. They are never quiet ^ but are most 
active during early morning and towards evening. They also fly dur- 
ing .moonlight nights. During the hottest portions of the day, from 
11 a. m. to 4 p. im, they are more or less inactive. Their favorite time 
of attack is a cloudy, dark day, or when rain is threatening. If the 
gnats try to enter houses or stables by means of the windows, they 
constantly butt their heads against the panes of glass, until they be- 
come so exhausted that they drop to the ground and die. Specimens 
kept in confinement in large vessels, with the bottoms covered with 
- moss and soil and containing a wet sponge and a saucer filled with 
water, die within forty hours. During all this time they never cease 
trying to escape. The sense of smeir(and sight) of these insects must 
be well developed, because they unerringly find animals a long dis- 
tance away from their breeding-places. If very numerous, they cover 
the whole animal, withou t making an^^ selection of position. 

The smaller Turkey Gnats are not so blood-thirsty, nor do they form 
such large swarms. The snorting, biting, switching of tails, and th e 
general restlessness of the stock in the fields soon reveal the presence 
of their foes. The gnats will, upon arrival, rapidly circle around tL e 
animal, select a point of attack, fasten themselves upon the chosen 
spot, and immediately commence.to bite. The genital and anal re- 
gions, the ears and portions of body between the forelegs—in short, 
those parts where the skin is most easily punctured— are selected by 
these insects. The attack is so rapid, that in course of one minute the 
body of the tormentor is seen to expand with blood, wdiich shows 
plainly through the epid ermis of the abdomen. The bitten part of 
the animal shows a nipplelike projection, and if the insect is removed 
by force a drop of blood as large as a good-sized pin's head will ooze 
out. Other gnats will almost at once pounce upon the sarnie spot and 
continue the biting. All those veins which project under the skin of 
the animal are also favorable points of attack, and their course is made 
visible by the hordes of gnats fastened upon them. 
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/Fh^ of an attack by tHese insects lies in the unexpect- 

edniess of tiieir appearaiLce. As already mentioned there may be no 
uidicatiQn of tbeir presence in any neighborhood and the roads are 
free of them. But with the change of the prevailing wind they may 
appear^ and when one is passing certain localities, such as low, wet, 
and^ shady ground, or dense thickets of underbrush, they will start 
forth like a cloud, and cover the animals at once. Open fields may 
be entirely free from gnats, but if animals pass certain places in them 
out dart the tormentors, and the animals attacked can only save them- 
selves by running to high places exposed to the full rays of the sun. 
The gnats, follow^ing the animals for some distance, leave as suddenly . 
as they appeared, and hide themselves again in the thickets . In the 
cities they appear suddenly with certain winds, chiefly with those 
blowing from the south, southeast, and west, and usually disappear 
again with winds blowing from the opposite direction. 



ANIMALS INJTJEED. 

Doraestic animals are attacked in the following order, varying some- 
what in different localities, viz, mules, horses, cattle, sheep, setting 
turkeys and hens, hogs, dogs, and cats. The death-rate of mules is 
highest, both because they seem to be more susceptible to the bite, 
and because they are almost exclusively used in the Southern States 
for farm work. Horses also stiff er greatly. Cattle, when weakened 
by winter exposure and by scarcity of : food, succumb easily to the 
continued attacks of their winged foes. Hogs show at first the effects 
of the bite but very little; yet large numbers die soon after the attack, 
while Qthers die about six weeks after the disappearance of the Buf- 
falo ^Gnats; they usually perish from large ulcerating sores, which 
cause blood-poisoning. Many persons claim that the so-called char- 
fedi^ is produced by the bites of "these gnats, a statement which is, of 
course, not borne out by facts. Sheep, although well protected by 
their wool, suffer greatly by bites upon the unprotected portions of 
their skins, and injure themselves still more by crowding too close to 
£^;es> which are built to produce protecting smoke. Many sheep crowd 
so close to the fire as to be burned to death. Setting turkeys and 
hens are frequently forced by the gnats to leave their nests, "^oung 
fowls are killed outright. The gnats ■ in attacking fowls of all kinds, 
force their way under the wings of their victims, where they cannot 
be dislodged. Dogs and cats are also greatly tormented, and will not 
remain outdoors during a Buffalo Gnat invasion if they can help it. 
Deer, forgetful of any other threatening danger, are tormented to 
such a degree as to lose all fear, and approach the smoldering fires ; 
in their agony they sometimes allow people to rub the gnats from 
their bodies, and will,- in their frantic endeavors for relief, even lie 
down in the glowing embers or hot a&hes. 

EFFECT OF THE BITES. 

Animals bitten by many Buffalo Gnats show all the symptoms of 
colic, and many people believe: that these bites bring on that disease. 
Mules especially are thus affected, yet large numbers of post mortem 
examinations made by Dr. Warren King, of Vicksburg, and others, 
failed to show any relationship between this disease and the bites, nor 
were any facts obtained which would justify the correctness of such 
a popular conclusion. Dr. King opines that the e:ffiects of these bites 
3^AG~'86 
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on animals are mueli tte same as ttat of tlie rattlesnake on tlie Tinman 
system. This seems to be the generally accepted opinion among the 
more intelligent planters. The anima.1 attacked becomes at first fran- 
tic^ but witKin a very short time it ceases to shov^ symptoms of pain, 
submits passively todhe infliGtion, rolls over, and dies; sometimes all 
Vfithin the space of three or four hours. Even if bitten by a very 
great number of gnats death does not necessarily follow, and then it 
is not always suddenly fatal. Mules which at night do not appear to 
be seriously injured will of ten be found dead next morning. 

Animals of various kinds become, gradually accustomed to these 
bites, and during a long-eontinued invasion but few are killed towards 
the end of it. It is a prevailihg notion that the bite of the gnats ap- 
pearing first is the most poisonous. It would seem to be more proba- 
able, however, that the poison introduced into the systems of ani- 
mals— unless sufficient to prove fatal— may to some extent serve as 
an antidote against that introduced later ^ and if this poison should 
remain in the system with any atability^/such a fact would also ac- 
count for native or acclimated stock being less susceptible to the poison 
from bites than that recently imported. There is no doubt that stock 
freshly imported from Kentucky to Tennessee and Mississippi is more 
apt to be jkilled than that raised in the infested portions of these 
States j and that^ having withstood one invasion, a second one proves 
fatal but seldom. One reason why Buffalo Gnats appearing very 
early in the season are more dangerous maybe found in the fact: that 
the stock, weakened by exposure during the winter, have had as yet no 
chance to gain in strength by feeding upon the early vegetation, 
wMcli it obtains ;gfevious to and during a later inv-asion. Conse- 
quently, the resistmg power of animals is greater later in the season. 
Experience has also taught owners of stock how to protect the same, 
and in comparison with former gnat seasons fewer animals are killed 
of late. Prof, J. A. Schoenbauer, who wrote nearly one hundred 
years ago about the Kolumbacz Gnats of Hungary,' witnessed the 
post mortem examination of a horse killed by these gnats. Upon 
dissection it was found that not only was the anus entirely filled with 
the flies, but also the genital orifices, the nasal passages, and the 
bronchial tube aiid its ramifications. A case of this kind must be 
very exceptional. No doubt gnats will sometimes enter these pas- 
sages, but as a rule death is not occasioned in this manner. The loss 
of blood and the terrible irritation of the skin by so many poison- 
ous bites are reasons sufficient to account for the reflex irritation of 
the; nerves and blood poisoning. 

HOW ANIMALS PBOTEOT THEMSELVES. 

The diiferent kinds of animals, knowing their tormenters by in- 
stinct or exjjerience, have various niethods of protecting themselves 
against their attacks. To run away is the first impulse of all; but it 
is of no avail, since their enemies are- too. swift to be outrun. _ . 
' Horses and mules/ii not harnessed or tied, become perfectly fran- 
tic, and rush: away hither :and thither, roll themselves upKin tlie 
ground, dash oft again, wildly, - and reiieat- these actions until they 
become entirely exhausted. If they succeed in reaching an elevated 
spot free -from- trees and accessible to the full rays of the" sim, they 
escape further severe molestation. - :- - : 
/ Gattle act in a: very similar ; way, but instead of searcliing for 
higher^ Bunnj spots^ they prefer to rush through dense thickets/sucli 
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as are f ormed by canes, and thus rid themselves of many tormentors, 
but all in vain. If Greeks are near by, sonie find partial protection by 
immersing tliemselves in tlie water. 

Hogs also run madly about. If mud is accessible, they do not fail 
to make good use of that material and wallow in it. 

Sheep run about blindly, erying plteously all the timev 

Dogs and cats are sensible enough to search for dark shelters in 
stables or remain m the house. 

Poultry of various kinds seek relief ; by flying in high trees. They 
assist each other in picking oii their tormentors, thus partly freeing 
themselves. - . 

JJeer try to find relief by runnm^ 

But ail such methods avail but little without the assistance of man. 
Fires are started everywhere to produce a dense smoke. As soon as 
the tormented animals notice such smoke they all show their good 
sense by rushing to it, invariably selecting that side of the fire where 
the smoke is densest. Here they crowd" together, and many are in- 
jured by too close x3roximity to the glowing embers. Nor can they 
be driven away by hung^ and only during a dark night, or in the 
brightest light of the midday sun, do some- of them venture out in 
search of food. 

■ ■ PBEVSNTIVES. " - ■ 

Smudges have thus far proved the best method of protecting ani- 
mals in the field against Buffalo Gnats. Thoughtful planters are in 
the habit of collecting and storing during the year all kinds ot mate- 
rial that will produce a dense and stifihig smoke; such materials are 
old leather,, cast-off clothing, drie dung, &c. As soon as large 
swarms of gnats appear, and the stock is threatened by them^ fires 
are started in different parts of the plantation, and are kept burning; 
as long as the danger lasts„ Anything that will produce smoke is 
thrown upon the smoldering logs, and the most oif ensive is consid- 
ered the most useful. If the time for plowing has arrived^ smudges 
are located in the fields in such a manner that the smoke is drifted 
by the wind over the teams at work. Such smoke-producing fifes 
are also kept\ burning in the cities, and they are found in front of . 
every livery, and street-'Car stable, as well as of such stores as employ . 
draft horses or mules. If these animals have to be upon the imds, 
they may usually be somewhat protected by tin pails in which some 
smudge is kept, and which are suspended from their necks and from 
the wagons. - - 

: Animals may also be protected with a layer of mud or a coat of 
sirup. It has been found that animals which have shed their rough 
winter coat of hair and have become smooth are not as much troubled 
as others still^covered with long hairs. " The gimts find it much -more 
difiicuit to obtain a foothold upon a smooth skin, and the clipping of 
the hair in early spring is therefore advisable. 

- Buffalo: Gnats have a great aversion to entering dark places, and 
stables thoroughly darkened are safe places for stock of all kinds in 
a gnat season. The odor of ammonia prevailing in such stables may 
alBO_ to some extent prevent the insects from entering. Planters wnth 
a small acreage, therefore, prefer to keep their horses and mules- in 
the" stable instead of working them in the field. For the same rea- 
soii the ovmers of livery stables Y7:iil not allow their animals to be 
taken outside the city limits if gnats are numerous enough to be dan- 
gerous. ^ ^ 
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But tlie great majority of planters cannot wait for tlie disappear- 
ance of tlie pest^ and have to resort to otlier defensive means. Yari- 
ons external applications have been used to this effect: Decoctions of 
Alder leaves. Tobacco, Pennyroyal, and otlier lierbs, have been tried 
witb a view of preventing gnats from biting nmles while at work; 
but all of theni have proven ineffective. At a time v/hen smail 
SYfarms of Turkey Gnats were tormenting mnles plowing in the field 
one side of the animal was moistened by Mr. Lngger with various 
insecticides, while the other side was not protected at all. By follow- 
ing the animal and watching the gnats it was soon observed that any 
offensiye-smelling substance would drive the gnats from the pro- 
tected side to the unprotected one. Kerosene emulsion, pyretliram 
powder suspended in water, diluted carbon-bisLiiphide, and dissolved 
tobacco-soap were all used in turn, and all seemed to produce the 
same effect. Several times the whole animal was carefully sponged 
with the one or the other of the above substances. For a time the 
gnats would not settle upon the animal; but in the course of tvvo 
hours the beneficial effect of these insecticides was gone, and the in- 
sects were no longer kept away. 

Bxperience shows that the best preventive is grease of various 
kinds. The following kinds are the most important; Cotton-seed 
oil alone, or mixed with tar, fish oil, gnat oil; a combination of stink- 
ing oils alone, or mixed with tar or kerosene oil, crude coal oil, kero- 
sene oil, kerosene oil mixed with axle-grease, and others. To be 
effective, the grease rnust be used at least twice during the day, be- 
cause as soon as its offensive odor disappears it becomes inox^erative. 
All such applications are of no advantage, however, on stock mniii ii g 
at large. Gnat oil is very extensively used, but it is like the rc:-:,t of 
the remedies — very apt to remove the hair. In fact, all those differ- 
ent kinds of oil and grease are more or less injurious to the animals., 
because a continued coating with them vfeakens the system. 

The employes of the Hudson's Bay Company protect themselves 
and their stock against the bites of the "Black Fly" by the use of oil 
of tar, and as long experience ha« shown it to be a simple and easily 
applied wash, we strongly recommend its use. A quantity of coal 
tar is placed in the bottom of a large shallow receptacle of some sort, 
and a smallquantity of oilpf tar, or oil of turpentine, or any similar 
material, is stirred in. ; The receptacle is then filled with water, 
which is left standing for several days until well impregnated with 
the odor. The animals to be protected are then Avashed with this 
water as often as seems to be necessary. 

As long as stock in the iiif ested region is suffered to run at large, 
and is neither provided vvuth shelter nor food during the winter 
months, it will suffer severely from the gnats. Animals well cared 
for can stand the attacks of the gnats far better, and do not perish as 
readily. Ilhtreated and unhealthy rnules and those bruised and cut 
are the first to die, and the prevailing opinion of intelligent planters 
is to the effect that well-cared-for mules /if greased twice a day when 
working in the field, sddom die even when attacked. 



^According to Messrs. Fahlen & Kleinschmidt, chemists^ of Memphis, Tenn., 
**Gnat oil any kind of stinking oil; it should not contain drying oils, such as 
Oletim lini sa-id O. gassypiV They use fish oil, and to increase its perfume add OL 
animale foetidumi 4 ounces to 10 gallons. But since fish oil costs 50 to 75 cents per 
gallon, some mix it wth crude petroleum; this addition, however, has the tendency 
to kill the hair roots. 01. hedeomm (pennyroyal) is too costly, and therefore not 
frequently used. Msh oil and Olyaninialefoetidimi have given the best satisfaction, 
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REMEDIES FOR THE BITES, 

A number of remedies to counteract tlie poison of the Buffalo Gnats 
haye been tried, but ryone of them have been suflBlciently tested or 
have proved uniformly effective. 

Br. Warren King, of Vicksburg, Miss., ^r rubbing the 

affected animals thoroughly with water of ammonia, and adminis- 
tering internally a mixture of 40 to 50 grains of carbonate of ammonia 
to 1 pint of whisky, repeating the dose every three or four hours 
until relieved. He claims to have never lost an animal under this 
treatment, although they were sometimes apparently beyond recovery. 
This remedj^ is not generally known, but certainly contains sufficient 
merit to warrant a thorough and careful trial. ^ 

Some planters claim to have cured their stock simply by continued, 
doses of whisky alone and by keeping the sick animal in cool and 
darkened stables. 

Blood-letting is also recommended, both as a preventive and as a 
cure, but may be considered as of very doubtful utility, except in 
cases where heroic treatment is required. Mules badly injured and 
in a dying condition are bled until the blood, which at first is nearly 
black, appears of a natural color again. 

Dying animals have frequently been saved by immersion in the 
cold water of running streams. Evidently all these remedies have 
a tendency to allay the fever produced by incipient blood-poisoning* 

ATTACKINa MAN. 

A number of cases have from time to time been reported by various 
newspapers in the infested region of ■ human beings being killed by 
these insects. Inquiry has sometirges failed to prove the truth of 
such reports; yet sufficient facts are on record to show that if the 
gnats attack a person suddenly in large swarms and find him unpre- 
pared or far away from any shelter they may cause deaths - 

Dr. Bromby, in Madison Parish, La., had a case of death caused, 
he believes, by the gnats. A Mrs; Breeme, having lost, in the spring 
of 1883, 17 mules of her stock, was suddenly taken sick. She tola 
the doctor that she had been bitten by mosquitoes. She died in great 
agony from blood-poisoning. 

In 1884 several persons were killed by Buffalo Gnats. Mr. H. A. 
Winter, from near Helena, Ark., while on a hunting trip, was at- 
tacked by them one and a half miles from home, while passing some 
low ground. vRunning towards a house, he was seen to fall dead. All 
exposed parts of his body had turned black. Another man was killed 
near Wynne Station, Arkansas, on the Iron Mountain Railroad. 

^^^^^ 1^ 

The damage occasioned by Buffalo Gnats throughout the infested 
region cannot be estimated, owing to the fact that no statistics have 
ever been collected in a systematic manner. But the loss in certain 
localities has been immense, and greatest when the insects appeared 
in the very early spring. Of late years the losses have increased be- 
cause the country has becorae more densely settled and not because 
the bite of the gnats has become more dangerous. The following 
statements are based on reports from reliable individuals and from 
records in local papers examined by Mr. Lugger: 
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As far as can be learned tiie damage ill Louisiana was but sligM 
prior Ik) 1850; but many aiiimals were killed iii 1861, 1862, 1863,_ 18G4, 
and ISGG. In tliits lattej' year llieparisli of Tallulodn Louisianfi, lost OTer - 

". 200 bead of mules, and upwards of 400 mules^and horses were Idiled. 
witliin a few days in the p.arisbes .of "Madison, Tensas, and Concordia, 
all in the same State, in other States they also did great damage. 

' In 1E6 8 many mules were killed in: the lowlands of Daviess County, 
Kentucky* Although frequently causing more or less trouble and 
loss, they did not appear again in such oyerwhelming numbers until 
1872, 1873, 1874, 1881, 188S, 1884, 1886, and 1886. In 1872 it was re- 
ported that the loss of mules and horses in Crittenden County , Arkan- 
sas/ exceeded the loss from air diseases. In 1873 they caused serious 
injury in many parishes of Louisiana. In 1874 the loss occasioned in 
one county in Southwest Tennessee was estimated at |500,OQO. The 
gnats have been especially injurious since the Mississippi floods of 
1881 and 1882; in the latter year they were more destructive to stock 
than ever before, appearing in immense numbers in Eastern Kansas, 

■ Western Tennessee, and Western Mississippi, and the great destruc- 
tion of cattle, horses, and mules caused by them added greatly to the 
distress of the inhabitants of those sections of the country caused by 
■unprecedented floods. Many localities along the Mississipx^i River 
in. Arkansas also suffered severely. In 1884 Buffalo Gnats apjaeared 
again in great numbers and were fully as destructive as in 1882. In 
Franklin Parish, Louisiana, within a vi^eek from their first appearance, 
they had caused the death of 300 head of stock. They were equally 
numerous throughout the whole region infested, and for the first 
time in the history of the pest they attacked horses and mules on the 
streets" of the cities of Yicl-isburg and Memphis. No general outbreak 
took place in 1885; yet gnats appeared in sufficient; irambers to kill 

:g^uite a number of mules in various parishes of Louisiana, especially 
in Tensas and Franklin, Buffalo Cnats appeared again in immense 
numbers in 1886, and extended throughout the entire lower Missis- 
sippi Talley, and swa^rms were even obseiwcd and doing damage far 
away from the region usually invaded. They came very late in the 
season, and consequently animals were in better condition to with- 
stand their attacks . T Jie damage was great, ho vf ever, in m.any locali- 
ties where planters had not taken stojos to protect their stock. 

Besides the actual loss by death of their stock, planters lose much 
valuable time in pi^eparing their fields for the crops. It so hapi)ens 
that the gnats appear at a time in which, the ground becomes fit to be 
prepared for cotton, and as it is very imt)ortant to give that plant as 
much tinae as possible to mature, every day is very valuable in early 
spring. Planters owning large estates have to use their mules for 
plowing, notwithstanding the gnats, while farmers on a small scale 
can keep their animals in the stable, thus protecting them. 

POPULAR OPINIONS ABOUT 'THE EARLY STATES OF THE BUFFALO 

GNATS. 

The early ^tates of botli Bufialo and Turkey Gnats were as a rule 
perfectly unknown to the inhabitaiits of the infested regions when 
our investigations began. Yet the great, and in some seasons ab- 
sorbing^ interest taken in them; gave rise to many speculations as to 
their origin. Many theories had been advanced from time to time 
and were discussed in the newspapers, and no facts had been observed 
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to tlarow liglit tipon the many mooteci poiiats yet otscn^ tlie pop- 
ular mind, - ; - ^^ ^ " . - - - - - - 

From tlie Yery fact: that tlie regi^^ insedte con- 

tains many s\Yamps^ it was claimed by many that the gnats origi- : 
nated inv them and nowhere else. Others were convinced that low 
and moist soil would produce them/ since it had been ohserved that 
snch localities would harbor gnats in abundance/ and that then" 
swarms would rise from the grass if animals approached. 
" Even such absurd theories as that the Mississippi water coming in 
contact with decayed leaves and similar material would spontane«- 
ously create them were stoutly maintained by some^ while others 
claimed that the gnats were produced out of mxid ^vithout undergoing 
any transformation whatever, : There exists also a prevalent opinion 
among the more intelUgeiit that t are deposited upon grass, 

weed8, &o,; where they remain xintil the water of an overflow reaches 
and submerges th^m/ when incubatioh takes place, In this manner 
eggs were supposed-to remain sometimes for years, or until the nec- 
essary conditions for incubation arrived with the cold water of the- 
/■Mississippi. River. ; 

Many larvos, vrhich are found in large numbers abou.t decayed logs 
and under rotten leaves in the v/oods, have given rise to the belief 
that such were the young of their dreaded foe. The larvse of a fam- 
ily of flies, the C hironomidm, which occur in vast numbers in all the 
water of the infested region as well as elsewhere, look somewhat like 
those of the SimiiUum. _ Their general appearance and their actions 
are very similar, and coiisequently they have frequently been mis- 
takeh for the young of the real culprit, and, in fact, were at first mis- 
taken by our agents. But the flies resulting from these larva? are 
very difl:erent/looldng very much U^^ mosquitoes with feathered 
antennae, they also swarm in very early spring, but are innoeent of 
any harm to animals. 

We reproduce at Plate IX, Fig. 1, a figure of a Ghironoimis larva 
which was found in the pods of Utricularia atVineland, E". J., by 
/Mrs, Mary .Treat. -The fi.gure-Was madebyus at Mrs. Treat's request, - 
and was published as Fig. 9, of her article entitled Is the Valve of 
f7^riC'ittor?'a Sensitive?" in Harper's I^ew Monthly Magazine, 'F^- 
ruary, 1876, Yob LII, pp. 382-387. ; We have also figured on the 
same plate, at Fig, 2, a and 6, the pupa; of the same species and the 
adult of CMroa^om a species common to both Europe 

and America, and which was collected in great numbers by -Mr. W. JrL 
Seaman £it Chautauqua Lake, New York, August, 1886. 

HABITS ANI) NATIJRAIi HISTORY. 

The Egg.— The egg^ of the dilf orent species of the genus Simulium- 
occumng inthe lower Mississippi Valley have not as yet been discov- 
ered,* but sufficient is known, from analogy with closely allied species 
in this country as well as in Europe, to indicate the localities in which 
to search for the eggs of one of the species, the smaller Turkey Gnat, 
which IS so common in the vicinity of small and rapid streams. 
These creeks descend from an elevated region not inundated by the - 
Mississippi River, They are, however, greatly aliected by an over- 

^Wiiile this report is going throiigii the press, word reaches us at Loa An«-eies, 
Cal. , from Mr. Webster, who was sent to Louisiana especially to look for them, that 
the eggs have been discovered by him.— 
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flowj since tbe back wat iiie downward Giirrent and eyent- 

nally forces the water back, tiiiis completely filling the creek-beds 
with turbid river water. In snch creek-beds trees of various kinds 
abound, as vf ell as great masses of dead and fallen timber, too heavy 
to be floated away. AH such pro j ecting points offer sufficient space 
for the fly to deposit eggs upon, and such places we intend to have 
closely investigated the coming sxjring at a time in which the v/ater 
is highest and in a neighborhood where flies are known to breed. 

As mentioned in our report for 1884, Dr. W. S. Barnard has de- 
scribed a>nd figured in the America7i Ent^^^^^ (Yol. IH, pp. 191- 
193, August, 1880) the eggs and earl^r states of a species of Simulium 
common - in the mountain streams in the vicinity of Ithaca^ Y. 
These eggs (Plate VIII, Fig. 7) were found on tlie rocks on the banks 
a few Indies above the surface of the water, and we give herewith a 
description of them as a means :of facilitating the finding of those of 
the southern species here treated of. The eggs are deposited in a com- 
pact layer ; their shape is long ovoid, but on account of their softness 
and close proximity to each other they become distorted and poly- 
hedral ; one end is frequently flattened or concave. Each egg meas- 
ures 0.40™"^ by 0.18'""^ In Hungary the eggs of the Columbacz 
Midge {8. CQZW'm5ac^e?25^5 Schonbauer) have also been studied by 
Edward Tomosvary, and the observations have been published since 
his death by Dr. Geza Horvath.* It seems tliat this species is, as 
far as its habits are concerned, more intimately related to our smaller 
species than the larger and more dangerous Buffalo Gnat. Its eggs, 
wdiich are enveloped in a yellowish-white slimo and deposited towards 
the end of May or beginning of Juh^^^ upon stones 
or grass over which the water flows and in the brooks of the more 
elevated regions. The female of that species is said to deposit on an 
average from 5,000 to 10,000 eggs, but no detailed description is given, 
wdiile we have found only about 500 in the ovaries of our species, 
y But when and where does the larger and true Buff alo Gnat deposit 
its "eggs? At preseht nothing is known about it. Messrs. Lugger 
and Webster left too soon to discover the eggs, because no gnats were 
expected so unprecedently late in the season ; while Mr. Fillion did not 
reach the affected region until too late. At the time in which the 
Buffalo Gnat swarms all the low land is flooded and the water in the 
bayous has reached a depth of 20 and more feet above the usual sum- 
mer depth of 2 to 5 feet. The water at such a time has spread over 
thousands of square miles, and only the taller trees are above it. 
Oyer such an extent of surface it would naturally be almost impossi- 
ble to find these -small eggs; but it is now known that the members 
composing the swarms of Buffalo Gnats are all females, which, led by 
a mad desire for blood, leave their breeding-places not to return 
again, but to perish in consequence of this appetite. To perpetuate 
the species, therefore, copulation of the sexes must take place almost 
immediately after acquiring wings, that is, at or near the places of 
their birth, which latter the males do not seem to leave at alt Eggs, 
no doubt; will be found at such places. If deposited anywhere alse 
their chances of hatching, or rather the chances of the "newiy-boni 
larva3 remaining in the water after the subsidence of the same/would 
be slight indeed. 

Jt admits of but little doubt that the eggs will hatch very soon 
after being deposited, for it is not likely, as has been claimed by 

^ *A. Kolumbacsi %y, Dr, Horvath Geza, in Eovartani Lapok, I. Kotct, 10. 
fuzet, Budapest, 1884. 



REPOKT QF THE ENTOMOLOGIST. 



505 



some, that tiie eggs will remain dormant for a whole year, or even 
two and more years, in the place where deposited, only to hatch when 
reached by another OYeriiow. Snch theories are not borne out by 
any observed facts, and they are, moreover, contrary to the usual 
haMts of similar insects. 

Since some of the breeding places of the two species of insects are 
nov/ well known, the finding of the eggs will only be a question of 
time. ' 

The Larva.— The peculiar aquatic larvae of both the Buffalo and 
Turkey Gnats resemble those of the other known species, and their 
distinctive features will be shown in the closing descriptive portions 
of the paper. Generally speaking, they are less than half an inch in 
length, su bey lindrical, attenuated in the middle, and enlarged toward 
both ends; the posterior third of the body is much stouter than the 
anterior third, and almost club-shaped. The color of the larva varies 
greatly, and is usually more or less like that of the substance u^pon 
which it is fastened; it is marked by two dirty, greenish-gray, irreg- 
ular spots upon each joint, on a whitish and translucent ground. The 
head, which is almost square, is yellowish, marked with a few darker 
spots and lines, and with a pair of small, black, approximate spots on 
each $ide that look like eyes, but are not. Besides the usual mouth 
organs the head possesses two additional brown and fan -shaped bodies, 
which are usually spread out and kept in constant motion when catchr 
ing food; they open and close like a fan, and if folded can be par- 
tiSly withdrawn into the mouth. The smooth body of the larva is 
composed of twelve joints or segments, five of which form the club- 
shaped anal portion of the body. On the under side of the thoracic 
portion there is a subconical, retractile process, crowned v'ith a cir- 
cular row of short and sharp bristles. The anal extremity consists 
also of a subcylindrical, truncated protuberance, wJLicli is crowned 
with rows of bristles similar to those of the thoracic proleg. The: 
larva possesses iio stigmata, but immediately below the anal pro- 
tuberance, on the under side of the body, there are three short, cylin- 
drical, soft, curved, and retractile tentacles, to which the large tracheae 
lead, and which are probably the organs of respiration. 
: In some of the most mature larvae two kidney-shaped black spots 
are visible just above the thoracic proleg, one on each side. If closely 
investigated with a good lens it is seen that the tufts of filam.ents serv- 
ing the future pupa for respiration are already formed under the larval 
skin. AH these iilam_ents arise from the same spot and are branches 
of a single internal tube. 

Habits of the Z/ar?;r^.— The larvse of the different species of Bimu-: 
-- luim_ B>i'e BO 'veTj uniform in their modesof life that the description of 
the habits of one will suffice tor a - 

The most essential condition for the well-being of these aquatic 
creatures is rapid motion of the water in which they live. Wherever 
water of such a description is found in the region infested by Buff alo 
and Turkey Gnats the one or the other speci es can be found / 
; , The next important condition of a suitable breeding-place is the 
■" presence of some stationary material in the water upon which to- fasten 
'themselves./ - _ 

Water in rapid motion is only found in certain well-defined places, 
either in streams coming from an elevated plateau or in streams mean- 
dering through a level country. In the former any sudden bend ond 
any obstruction^ no matter how small, will produce accelerated motion 
of the water; in the latter^ sudden bends are the chief cause. In the 
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former, tliere are mimeroiis places/wliere larvee can securely fasten 
tKemselves, because large numbers of sticks partly embedded in mud 
ar^e not disturbed by tue rising water,; Againsisucli immersed sticks, 
as well as against f once-railSj .&c. , wMch cross such streams, numer- 
ous dead leaves are lodged and tocliored by tlie mud. All sucb ob- 
structions, forming small whirlpools Just below them, are places in 
which the larvae of the Turkey Gnats are found. Larger submerged 
logs, wholly or partly submerged stumps, brush, bushes, or any other 
tnaterial of like nature in the larg^er creeks and bayous give the larv^ 
of the Buffalo Grnat suitable places to anchor to. 

; Upon such material they cluster together, and, fastened by the pos- 
terior protuberance to the leaf , they assume an erect position, or make 
their way upward or downward with a looping gait. Frequently at- 
tached by a minute thread, they "swa,y with the ripples at or near the 
surface of the water, often as many as half a dozen being attached by 
a single thread. While these larvas make their way up and down 
these submerged objects with perfect freedom they do not venture 
above the water, and when about to pupate select a situation well 
down toward the bottom of the stream. _ " . 

The larvee of the Turkey Gnat are more often found fastened to 
submerged dead leaves in the smaller and more shallow creeks or 
brancheSe These larvae are evidently somewhat social in their habits, 
as they crowd together upon one leaf in numbers varying from ten to 
thirty, and, judging from their uniform size, they must be the offspring 
of the same parent. As the current away from obstructions caused 
by twigs and leaves, decreases in swiftn.ess, so do the larvae decrease 
in numbers, until only a few feet away but one or two can be fQund. 
When first found, in early March, they are quite small, but they grow 
rapidly during the latter part of March and early April. They are 
quite stationary when not disturbed. Besides being fastened to the 
leaf by the last posterior segment, they are also securely anchored by 
a very fine silken thread. When disturbed they loosen their hold^at 
once and float downstream, suspended and retarded by this thread, 
which vexT rapidly increases iii length while the lar vse are drifting with 
the current. Wltile-thus drifting thej^ jerk about in a lively manner, 
searching for a new resting-place, and sink to the bottom quite gTad= 
ually. Owing to their small ^sizeV and to the fact already stated, that 
their color is in harmony "with their surroundings or with the leaf 
upon which they are fastened, these larv^ are difficult to detect in a 
depth of 3 to 4 inches. When removed and put in a glass vessel they 
soon settle against the sides of their prison^ and can then be studied 
with a lens. \ - - 

The larva can move about very rapidly in the manner of a span- 
worm, but with this difference, that it always remains anchored by 
means of , a thread, which lengthens as the animal proceeds. Being 
very restless and active in such confinement, it will: keep on looping 
for hours, at a rate of twenty to twenty-five loops per minute. It can- 
move both forward and backwai-d; the forward motion being pro- 
duced by fastening the single thoracic leg to the side or bottom of the 
vessel,' ioosening the anal i)roleg, bringing it close to the former, and 
letting the latter go at almost the same moment; the backward motion 
bein g simply a reversal. In the course of six to eight hours the larva 
becomes weak and sickly ; it will drop to the bottom of the vessel if 
disturbed, but will no longer try to escape. AH the larva thus im- 
prisoned, in repeated trials, died in the course of twenty-four hours. 
A colony of nearly full-grown larvse, in a small creek, shared the 
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same fate ■vrheii the overf^ Mississippi River created a back 

flovv^and made the water in this creek stationary for some time. , 

All the creeks and branches in which snch laryge were found by 
Mr, Lugger descend in beds composed of clay. The Rocky Bottom 
Branch, a tributary to the Horn Lake Creek, Mississippi^ has worn 
out a bed in a solid deposit of stratified ferruginous sandstone, inter- 
mixed with conglomerations of the same substance. The water, 6 to 
8 inches deep in normal seasons, even during the summer months, 
runs over this stony bed in very rapid currents, forming everyAvhere 
little cascades, and no better breeding--places for the larv^ of any 
Si'fnuli'ii7n oouldhe imagined. Yet none could be found, plainly indi- 
cating that the species under considera,tion must be able to fasten to 
submei'ged material to find a suitable home. 

Food of the Larvce,— The larv^ of the Southern Buff alo Gnat are 
carnivorous in their habits, although they do not, perhaps, reject 
floating particles of a vegetable origins ; mouth is not adapted 

for biting off any pieces from a larg:e or solid substance, but is con- 
structed to catch and ingulf small objects. To obtain these the fan- ; 
like organs peculiar to these larvse create currents of water directed 
towards the mouth. Any small and floating matter drifted by the 
current of water into the vicinity of these fans is attracted by the 
ciliary motions of the component rays of the same, and thus reaches 
the space embraced by them, and they, bending over the mouth, direct 
the further motions of the partieles. If of the proper kind they are 
eaten, otherwise they are expelled by a sudden oj^ening or parting of 
the fans. They do not feed, as has been claimed, upon plants which^ 
they are unable to bite off or citew^tod which do not exist in the 
water at ^ the time when the larvse grow most rapidly. A searching 
investigation of the water in their brteading-places revealed the fact 
that it was swarming with animal life, and was filled with the larval 
forms of small Grustaceans belonging to various families, but chiefly 
to* those of Goptopods and Isopods/ An abun supply of food 
must also be found in the preaenee of immense numbers of fresh- 
water sponges, polyps, and animaletila^^ L^ 

falo Gnat kept m glass vessels were observed to swallow these mJnute 
crustaceans, and none of this food was seen to be expelled again. A 
number of square diatoms, jointed together in a chain, have also been 
observed in the intestines of these larvge by theiiid of the microscope. 
The presence of such quantities of animal food will also account for 
the observed fact that the larvse grow so very rapidly during the' 
early sjpring, since this is the time of the year in which most of the . 
small tresh-water crustaceans spawn and produce living young, aud 
food is, tlxeref ore, much more abundant at this season than at any 
other. vl 

There may be, and very likely is, a confiection between an overflow 
by the Mississippi Eiver and the amount and kind of food produced 
by it. During the long-continued heat of summer nearly all the 
swamp-land, as weU as the majority of ; the bayous, dry up, either 
partially or entirely, and water remainB orfly in small pools, in springs, 
and in perennial creeks. The animal life in all these places becomes 
more and more ; concentrated, while they fairly swarm with small 
creatures of all kinds, a.nd if the larvee of the gnats could lead a rov- 
ing kind of existence, or could thrive in warm water, there would 
be no lack of food for them at this season. As great numbers of 
small creatures found in the evaporating and fast-disappearing water 
possess the faculty of Goming to Hfe argai even after having been 



508 REPORT OF THE COMMISSIONSR OF AGRICULTURE. 



dried np for a long time, an inun^ resurrects vast nnmlDers of 
tliem, and brings them f nrtlierniore witliin reacL of the larvae. These, 
however, are not active during the heat of summer, and an inunda- 
tion at that time will not afreGt them at all; but if it should take 
place early in spring, this additional source of food would soon mature 
vast numbers otherwise doomed to die. 

Pupa AND Cogoon.— As soon as the larvae are fully grown they 
descend tdwards'the bottom of the water to ma,ke their peculiar 
.pouches, and many pupae are found at a depth of 8 to 10 feet below 
the surface; others much higher up. But in shallow water they may 
be found cluster ed one above the other, just above the bottom of the 
stream, their instinct having evidently taught them to provide for a 
sudden fall in the water; ISFotwithstanding this, v/ith the water fall- 
ing in the bayous and larger creeks at the rate of 1 foot per day, 
many pupa^ are left high and dry. Those of the Turkey Gnats, which 
are always found just above the bottom of the smaller perennial 
creeks, are not thus endangered by a low stage of the water, which 
rises and falls suddenly with every heavy rain, but remains of uni- 
form depth at other times. 

In one of the breeding^places of the Southern Buffalo Gnats, at the 
jiinction of" Crop and Mill Bayous, in Tensas Parish, Louisiana, Mr. 
Fillion found immense numbers of the dry and empty pouches as late 
as June 10, 1886; they were attached to vines, trunks of living trees, 
and leaves retained by the vinx3s. All these pouches were found near 
the highest point reached by the overflow, forming a zone or belt 
from 3 to 4 feet in width* On July 15, the current, very swift in June, 
had almost ceased to be noticeable, aud the stream had decreased from 
a width of .45 feet to that of 20 feet; the Crop Bayou was partly dry, 
and no obstructions or vines of any kind reached the water, which 
flowed in clear dry banks. The belt of dry pouches was at the lat- 
ter date high above the water, the lowest being found some 13 feet 
above it, while the highest reached to the mark lift by the overflofr. 

Tiie cocoon or pouch spun by these larvae is conical, grayish or 
brownish, semi-transparent, and has its upper half squarely cut off ; 
it is fastened to sticks, leaves, or logs. The larva in spinning does 
not leave its foothold, but running in the center of its work, uses its 
mouth to spin this snug little house. In it it changes to a pupa, 
which has its anterior end protruding above the upper rim. These 
pupae are at first of a light brown color, afterwards changing to a 
pinkish cast, and, j'ust previous to the hatching of the fly, to black. 
During the first of the coloration epochs they are attached to the veg- 
etable substances upon which the pouch has been fastened by the 
thoracic filaments, by threads about the body, and by the anal ex- 
tremity; but during the last two the pup^. hang by the short anaL 
attachment alone to the thr^>ads at the bottom of the pouch, and rise 
more and more out of the pouch, until at last they swing about freely 
in the currenfc, attached only by the d 

The pupa itself is distin^'uished from most other Dipterous pupse 
by the presence of a tuft ot respiratory filaments starting irom each 
side of the thorax/ These tufts, as already stated, foreshadowed by 
two dark spots upon the sides of the thoracic segments in the larva, 
are composed of a greater or less number of very slender filaments, 
varying in number in the Mtferent species of Simulimn, Along the 
posterior margins of each of the third and fourth dorsal segments there 
are eight minute spines; the tip of the abdomen is also armed with 
two larger and bent spines or hooks, by which the pupa is secured to 
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tlie inside of the open poncli. Regaining but a very short time in 
the pupal state, prolonged or shortened by atmospheric influences, 
they give forth the winged insects.; The length of the pnpal state in " 
the case of: the Turkey Giiat averages live days. Both larval and : 
pupal sMns remain for some tirae ill the em^^^^^ 

The perfect insects imie from their pup^B under water, and sur^^ 
rounded, according to some, writers, ^^^^^h^^^ air. The .silky 

hairs of the fly, however, are j>ro|;ectioii -enough to prevent it from 
drowning, The winged Insect pops to the surface like a cork, ru^^^^ 
few inches over the water, and darts away with great swiftness. 

The Mago.-— The perfect fly va^iies in length from 3^'" to 4.5'"™, the 
females being usually the larger; the Turkey Gnat is somewhat 
smaller. Both insects are, like all other species of SimuHmn, char- 
acterized hy their peculiar short ^md thick shape. The head is bent 
under, and is nearly as wide as the very large and hiimi)ed thorax. 
The thick antemife are composed of twelve stout joints; the four- - 
jointed palpi terminate in long and fine joints; the posterior shanks 
and the first joint of the hind tairsi are somewhat dilated. The free 
labrum is as sharp as a dagger, a!nd the very j)rominent proboscis is 
well adapted for drawing blood. The insects possess no ocelli, bnt 
their eyes are large ; in the male *hey join at the forehead, but in the 
female they are farther apart. fThe morith organs of the male are 
also n;bt so weH developed as in tlie female, being soft and unable to 
draw blood. The bodies of thes^l gnats are quite hard and can resist 
Gohsiderable pressure. The colfc)r:of the Southern Bufl-'alo Gnat is - 
black, but covered with grayish-browh, short, and silken hairs, which 
are arranged upon the thorax in such a manner as to show throe 
parallel longitudinal black stripes; the abdomen is more densely 
covered with similar hairs, and ; shows, furthermore, a dorsal broad, 
whitish stripe, which widens towards the posterior end. The legs 
are more reddish, but also covered with hairs of the same color as 
elsewhere; the balancers, are yellovfish-white and the wings ainple. 
The general appearance of the irurkey Gnat is very similar, but it is 
lighter in color. i 

The gmats are exceedingly ictive^^^ endowed with very acute^ 
senses, which enable them^ to fitid unerringly animals a long distance 
away. Only females seem to I form these aggressive swarms; since 
not a singb male has been f onfad in. the large numbers captured and 
investigated. The male stays; near the place of its birth, and since 
females once gorged with blood do not and cannot return, copulation 
and the depositing of eggs must take place very soon after emerging 
from the water. These points have as yet to be investigated. 

NUMBSJR OF BROOns, 

All species of the genus SimuUum, the life-histories of which have 
been studied, are single-broocled, and no doubt Buffalo and Turkey 
Gnats form no exception to that rule. Extending as they do over 
such a va^t area, we should .expect their swarms in some seasons to 
form and appear continuously for five or six weeks before the whole 
brood had matured and disappeared. Ko Buffalo Gnats have ever 
been found in the infested region during the summer, fall, or winter,^ 
even when inundations hav© occurred in these seasons, and there are 
no indications of a second or third brood in the same year. 
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ENEMIES Of THp BUFFALO GNAT. 

The Buifalo Gnats in their- winged te^ liave bnt few enemies 
among birds^ because they usually appear at a time in the early spring 
when but few of our insectivorous birds have returned from their 
southward migrations. Besides She Mookin^^^ and the Winter 
Wren, birds which remain in the^ ihQre southern portions of the in- 
fested regions, no other birds have been observed to catch and feed 
upon them* Hens and chickeiis |at large numbers of such gnats as 
have become helpless by being gorged with blood. A single prema- 
ture Dragon-fly, or Mosquito flawl^:^ and brightly colored Hawk-fly 
{Asilidm) were observed by Mr. Eugger to catch them in the fields, 
: But the larvae of the gnats do not fare so welL Although somewhat 
protected by their color and position in the vfater, many are discov- 
ered by small fishes belonging tp the family Cy^yrinidai, which 
frequent even the smallest creeks, and greedily eat them; other 
fishes in the larger creeks will probably act in the same way. The 
carnivorous larvse of Water-beetle^^ as well as other aquatic insects, 
no doubt find them as Vv^ell suited tb their taste. The pup^ escape 
detectionmuch better, because thejf da not move, and are, as a rule, 
hidden by the fine floating mud of iii©^^ covers 
them and their pouches. 

No insect enemies of any of th^ vStm?^^^^^^ have been here- 

tofore observed either in this eo^unf ^^y or in Europe. It is th eref ore 
interesting to note that the larva Qf a species of the nouropteroas 
genus Hydropsyclie, has been f ound'^^by Mr. Howard near Washing- 
ton feeding upon the larvae of a local species of Simuliimi, The 
facts were communicated by him. t^ th& Entomological Society of 
Washington at its September (i8B&) 34^-^ti^^j and we quote his account 
of his observations: V - ; ^ : \ 

In the month of August, on the larger stpses iB. p^ts of Rock Creek^ District of 
Columbia, where the current was swift^t, aiad particularly on such rocks as were 
tilted so as to bring a portion of the surf aoe close the surf ace of the water, w^ere 
observed hundreds of j>eculiar funnel^lmped larval cases or webs (Plate IX, Fig 5) 
of a species of this interesting Trichopterous ^nus. The cases varied greatly in size. 
The mouth of the funnel in some instaneeft waS not more than 3™ in diameter and in 
others reached fully 10 . The tiibe of tl^ef uiiBcl wasin every case bent nearly at right 
angles with the mouth, and the larva, ensconced within it waited for its prey to be 
caught in the broadened mouth, it was feolieedi that the cases were preferably 
placed at the edge of slight depression^ in the &cky surface, so that the tubular por- 
tion was protected from the full force of the current. The broad funnel-shaped ex- 
pansion was vfoven in wide meshes with excesSingiy strong silkj and was supported 
at the sides and top by bits of twigs and small portions of the stems of water plants. 
The central portion was so open as to allow th& wat^er to pass through readily . The 
tube was strong and tight and was covered w&h bit€ of leaves and twigs. It was 
open at either end. On the surface of a rool^^^boa:^ 18 inches in diameter 166 of 
these nets were counted. At this portioil of the stream the larvae of a SimiiUum 
Xprobablj S. v&}iu8ttmi. Say) were very abundant. " *Tiiey occurred cidefly on the 
smair water plants which grow in these rapid ]|M^@s^^ and were found in considera- 
ble numbers on the surface of the rocks on wisicllthe cases of Hydropsyche occurred. 
They must have been washed into the mouths of Ibeso nets in gi'eat numbers, and 
probably inrnlshed the principal food of tlie carnivorous larv^. Tlie Hydropsyche 
larvfB (PipJe IX, Fig.- 3, and enlarge head, Fig. 4) were very active an?l"difhcult to 
capture, unicss the stones were i-emo^ed entire "from tlie water. Placed in standing 
water they fought vigorously withaaeh otlier. and after a lapse of twenty-four hours 
did not seem appreciably aifected by tbe vi^ant oi* fresh water. 

Miss Gora Clarke lv:\s described the nets oC a similar species of 
Hyclropsyche (Pmc. Best. feoc. iSiat. Hist., vol. 22, May M, 1882), but 
does not mention tha inBects^Mch i^iM of the laryee 

observed by her. . F : 
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BESCEIPTIVE. 

Tliere are some enaraGters wliicli tkese two species possess in cGni» 
inon: wit]i all otliei* speci^^^^ scarcely any of tlie 

descri]:)0d species are It may be well to state^ 

therefore^ tiiat the male differs markedly from tlie female in Ills much 
smaller ahdomen and i^Glatiyely larger thorax, by the month parts 
being soft and subobsolete, and more particnlarly by the eyes being 
oonfinent and having two well-marked and distinct sets of facets. 
As we have already stated, the male is not found flying with the 
female, and. we should not have obtained this sex in the Uvo species 
here treated of had tliey not been bred from the larvsB. It is desira- 
ble to describe both sexes from fresh and living specimens^ as they 
become sordid in alcohol, and shrink and lose much of their charac- 
ter and color when mounted dry. The females are also somewhat 
altered in appearance after having been gorged with blood. The pro- 
fhoracic is the only spiracle traceable in the insects of this genus. 

The larvae of all the species Im very much the same gen- 

eral form and structure, and they differ chiefly in some of the details 
of the fiabellif orm fan and of the mouth parts. 

^ The^upa in form foreshado%vs that of the future fly, and the spe- 
cies diner in this state chiefly in the number of filaments or ramifi- 
cations thereof that compose the breathing organs. These are inva- 
riably situated, one on each side/ upon the anterior dorsal mar- 

f in of the thorax, each originating in a single trunk, which soon 
ranches into rays which are fine hollow tubes, apparently composed 
of rings, and closed at their extremities. Each tube consists, further, 
of one or two chitinous layers covered by a finely granulated mate- 
rial._ In both the species under consideration there are two of these 
Ghitinous layers, of which the inner is very ^^^^^^^ and smooth, the outer 
thicker and furnished with pores. The base: of the trunk connects 
by a stigma-like ring with a true spiral tracheal tube visible beneath 
the epiderinis, and which, bending suddenly inwards, contracts and 
connects with the internal tracheal.system of the corresponding side. * 
At the tip of the last abdominal segment, upon the dorsal surf ace, 
are two hooks, which engage in the meshes of the cocoon, to hold the 
pupa in position. Some few threads of loose silk and the old larval 
skin are also found in this situation. Minute black hoojis, arranged, 
inregular and definite order upon the dorsal and ventral surf ace of 
the abdomen, assist the pupa to keex) its position i^i-side the open-co- 
coon. These hooks are usually bent upwards. 

The cocoons of the various species differ from each other both by 
their structure and by the method by which they are fastened to 
plants, stones, &c. Generally speaking, the cocoon is a brownish, 
obconical, semi-transparent poiich, ox^en ab^^ more or less covered 
Vfith mud, and directed against the cu.rrent of the water. The pupa, 
is more or less tightly surrounded by it, and has the anterior portion 
protruding above the rim of the pouch. The cocoons are formed of 
irregular ^tlireads, which harden rapidly in the water, and in the 
deeper parts of the . cocoons there are also some long loose and dis- 
connected threads. 



^"^^ Di\ yogel, m Ms desGiipti^^^ tracheal tubes of the pupae of SiwaiUum, 

- gives a similar deacriptiQii, stating tliat^ contrary to the pubhshed opinion of Sicbold,^ 
there are no tracheaj inside the tubes,— Mittheilungen der Schweizerischeii Ent. Ges. , 
VbL Vn, Heft 7. - ' 
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SiMLXiUM PECUARU5I, n, sp.~- 9 ^ (Plato YIII, Fig. 3, and dorsal view, Fig. 5). 
Laogtb, 2.5 "1"^ to 4 Head (Plate VIII, Fig, 3), uniform grayish-slate, clothed 

wii;h short yellowish hair, which beci>mes longer beliin<i the eyes; eyes black, with 
cop^?ary or brasyy reflections; mUewticti black, with whitish pubescence, and with a 
few i>risties on two basal joints, wliich are tinged \srith. red; joints 1 to 11 gradually 
diininialiing- in thickness towards the last, joint 1 shortest, joints 3 and 3 twice as 
■ ion«? as joint 1, -joints- 4,- 5, and 5 as, long as joint 1, joints 7, 8, 9, and -10 gradually 
iiicreasing in length, last joint fusiionn, twice as long as joint 10; maxillary palpi 
a little longer than aiitennse, blackish, ^vitli long gTayish bristles. TJwrax grayish- 
slate, more or less densely covered with short yellow hairs, and with usually very 
distinct markings, consiBting of two mediodorsal and two subdorsal, broad, longi- 
tudinaij SOpty-black bands, of which the latter curve to posterior edge of patagium, 
which is reddish at tip; lateral edges of prothorax with iin^ black sutures; under 
side of thorax uniform gray ish-slate, with sparse yellow hairs; space around the one 
large stigma lighter ; hah^eres opaque, reddish- wliite; legs uniform reddish-brown, 
densely co^'ered with yellowish hairs; tix)s of tarsi blackish; wings subhyaline; 
larger veins and base reddish-brown. Alxiomen nine-jointed, joints subequal in 
length, except the last 3, which decrease in length; a longitudinal, broad biuish-gi'ay 
-dorsal band extends from near base of segment 2, where it is broadest, to the tip, 
curving dov/nward to the anterior lateral edge of segment 7 , below this band later- 
ally the color is blackish-brown; with the exception of a broad bluish-gray transverse 
band on the posterior edge of each of segments 1 to 6; under side of abdomeri uni- 
form brownish-gray, without markings; abdomen densely covered with yellowish 
hair, which is very long upon the posterior edge of segment 1, forming an overlap- 
pmg fring'e. 

. — Length varying from 1.5^^^°^ to 2.2^^, Differs considerably from female. Head 
(Plate VIII, Fig, 1,) not visible from above, being occupied by the very large conflu- 
ent eyes ; the remaining parts below the eyes are black,- with black hairs and bristles ; 
eyes composed of two different kinds of facets, tliose above bein^ very large, as 
large again as those of the female, and those in front and surroundmg the dwarfed 
trophi very minute, the dividing line between the two sizes being abrupt [the figure 
is not accurate] ; antennae similar to those of female, more pronounced in color, 
both the black and reddish being more vivid ; maxilJary pal pi black, and shorter than 
the antennas. Thorax hlo^ck above, %vith sparse yellow haks ; legs somewhat lighter 
in color, tips of tarsi not black; hairs upon legs longer than in those of female. 
Wings hyabiine, vems and base yellowish-brown. Abdomen black, with grayish- 
white posterior margins to segments, dorsally and laterally, and covered with Ion.ger 
yellowiBh hairs. . . - 

Described from two bred specimens. 

Larva (Plate VI, Fig. 1 and Fig. 2, showing head in three positions). — Average 
length when full grown, 7^^°^ to 8'^"". Subcylindrical, the club-shaped posterior third 
of body being twice as stout as the thoracic joints, and joint 4 the most constricted. 
Ti-anslucent when living, dirty white jn alcohol; immaculate in a very few speci- 
mens ; distinctly marked in the great majority with brownish dorsal cross-bands in 
middle of joints, leaving free a white mediodorsal longitudinal line ; thoracic joints 
with three hTegular rings of the same color ; under side more or less hregularly 
spotted with brown. iJeac^ subquadrate, horny, yellowish-bro^^^n, with a number 
of brown spots and lines in regular order (as in figure) and two roundish approximate 
ocellate black dots on each side under the skin, and seemingly rudimentary or^-ans of 
sight, from which the future compomid eyes originate; antenncE (Plate Vl, Fig. 5 a) 
uniformly j>ale, three- jointed, about one-third as long as greatest width of head ; joint 
1 very stout, fully four times as thick as 2,. wliich is a little longer than 1, straight, 
slightly tapering towards tip. joint 3 extremely small, a mere triangular tip : 
mentum (Plate VI, Fig. 8 a) subtriangular, >vith apex cut away and replaced by 
three groups of very smalL teeth, of which the central group consists of three teeth, 
the middle one largest, and the groups on side, of four teeth, of whicli the second 
frora center is hirgest; sides of mentum, near apex, with two small teeth each; all 
the teeth are chithious and black, a long erect bristle, pointing upward and inward, 
near each side of mentum: labrum (Plate VI, Fig. 3 b) liorny, densely covered Vvdth 
hair: 7nandib'les (Plate VI, Fig. 5 i> and c) resembling in shape the profile of the in- 
verted last joint of the humaii thumb, with a series of teeth in place of the nail; teeth 
difficult to see, owing to the presence of five distinct brushes of hair; upon extreme 
lower tip of mandibles three large teeth, below them a series of eleven slender and 
very pointed teeth, of which the first two are the smallest, teeth 3 to 9 increasing 
and teeth 10 and 11 gradually decreasing in length; a second series of teeth below 
them consists of two triangular teeth, of which the first is largest: mcmZZa (Plate 
VI 5 Fig. 6) stout, fleshy, with an internal thumb-shaped lohQ', rriaxillary palpus two- 
jointed, first joint cylindrical, second very short, crowned with a regular circular 



EEPORT OF THE ENtOMQtO:>I3T. 



513 



roAv of short spines or warts: Ja^mm (Plate YI, Fig. 3 c) horny, with two brushes of 
hair aJ30vej between wliich is a very small ligula covered Nvitli a small brush of hairs; 
fans (Plate VII, Fig. 1) composed of a stout stem, bearing about forty-six scytlie- 
shaped rays, lined on the Inside by very minute, equidistant, erect hairs of equal 
length. Thoracic proleg (Plate TI, Fig, 4) faintly four- jointed, snbconi/ial, retractile 
(inti'oversible), very thin and transparent, croimed with about twenty rows of short, 
sharp hooks, apparently arranged in a circular manner; the liooks, of which ten are 
in each row, seem to be movable to a certain extent, and are fastened or hinged to 
small chitinous rods in the epidermis. Tip of abdomen (Plate VI, Fig. 7) formed by 
a suboyhndrical body, crowned with rows of hooks. BreatJdng organs below these 
hooks and on the upper side of abdomen; they consist of three short, cylindrical, 
soft and retractile tentacles, which connect with the large iji:)ternal tracheae (Plate 

vi,Fig.7). : 

In full-grown larv£e a spot more or less dark (as in our figure) is seen on each side 
of thoracic joint; it is produced by the formation of the coiled breathing tubes of 
the future pupa. • 

Pwj^a, ---Average length, S'-"™. General color, when fresh, honey yellow^; protho- 
racic filaments brown, and the abdomen dorsally also tinged with brown, except a 
mediodorsal space; all the members have also a. fine brown marginal line. Pro- 
thoracic filaments consisting of six main rays issuing from the basal prominence 
and subdivided two or three times, so that in iiiosfc cases as many as forty-eight ter- 
minal filam.ents can be counted. Abdominal joints 3, 4, and 5, each with eight well- 
separated dark-brown and anteriorly-recurved hooks (Plate VI, Fig. 8), the four on 
each side separated by a mediodorsal space; tliose on joint 3 less conspicuous than 
those on joints 4 and 5; joint 6 without armature; joints 7, 8, 9, and also subjoint 
less distinctly armed near anterior margin with a continuous dorsal row of very 
minute posteriorly recurved points; ventrally joints §, 7, and 8 have each four very 
minute anteriorly recurved hooks. 

Cocoom— Average length, 3. 5^"^^. Not completely made and not entirely covering 
the pupa, but tightly surrounding its larger portion. Shape very irregular, with no 
distmct rim at the upper edge, which is more or less ragged. The tlireads compos- 
ing it are very coarse, and the meshes rather open and ordinarily filled \vith mud. 
I^ot always fastened separately to objects, but frequently crowded together, without 
forming, however, such coral-hke aggregations as in some of the Northern species. 

SiMULlUM MEEIDIONALE, n. sp.— $ . Length, &.5^^«^ to 3™"\ (Plate VIII, Fig. 6.) 
Head uniform slate-blue, verging to greenish or cerulean blue in some lights, clothed 
with silvery pubescence, which becomes longer behind the eyes; parts below an- 
tennae and trophi more densely pubescent, producing the eifect of a white face; eyes 
with a metallic, coppery luster : antennse black, with very dense white pubescence; 
no bristles on basal two joints, which are but very slightly tinged with red; joint 1 
shortest; joints 3, 3, and 11 subequal in length; joint 3 widest; joints 4 to 9 sub- 
equat in length; joint 10 but slightly shorter than joint 11, which is fusiform; joints 
3 to 11 gradually decreasing in width; maxillary palpi as long as a.ntenn^, blackish, 
With long whitish bristles. T/iorao? slate-blue, with less dense silvery- white pubes- 
cence; markings quite distinct, producing the effect of a sculpture, and consisting 
of tln-ee black longitudinal lines, the median narrow, widening a httle at apex, and 
the outer ones curving inwards at base and outwards near apex, sometimes reach- 
ing to base of patagium, which: appears whitish on account of dense pubescence; 
on the lateral edges of prothorax are fine black sutures; under side uniform slate- 
blue, with sparse pubescence; space around the large stigma almost white: halteres 
white, very faintly tinged with red. ^4Momm nine- jointed, joints subequal in 
length, except the last two, which decrease; markings entirely different from those 
of §. peciiarum, formed by velvety black, dark blue and bluish- white, almost sil- 
very, colors; the dark blue appears upon dorsal surf ace of the last five segments, 
spreading from a roundish median spot on 5 to the immaculate blue of the last two 
segments; segments 2, 3, and 4 have each a black cross-bar, and 5, 6, and 7 two nar- 
row black Bubmedian stripes, which disappear almost entirely upon 7; the bluish- 
white forms an outer edge to all the black and extends over the whole lower sur- 
face of abdomen, with the exception of more or less well-marked black cross-lines 
in middle of each segment; a biuisli-white or silvery pubescence covers the entire 
abdomen, but is very sparse upon the derail parts. I/e^/s brownish- black; ta,rsi 
almost black, and moire or less densely covered wit^ hairs. Wings subhya- 

line, veins bluish-white, base ferruginous. 

Described from rnany bred and captm^ed specimens. 
.—(Plate VIII, Fig. 4.) I^ength 1.5«*^^vto 2"^^; Very different in appearance from 
female. Eyes confluent, very large, brilliant coppery ; a very marked difference in 
the size of the facets, those on upper surface being very large and metamc-coppery, 
those below and surrounding trophi becoming suddenly small, black, with bronze 
/3a AG— '86 
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reflections; tropin reddish-black, dwarfed; ardenjim hlmh, with light yellowish- 
brown pubescence in front. TJiorax abow intense black, velvety, with a bluish 
lustar ; under side grayisiiv Legs reddish, witli black tarsi ; tvmgs hyaline , veins and 
base bluish-white. Abdomen above black j with posterior margins of segments edged 
with gray; under side of segments S and 3 light reddish-gray, the others blackish 
with gray posterior margins. Sexual organs black. Thorax and abdomen very 
sparsely clothed with white pubescence. 
Described from three bred specimens. 

Larva.— (Bhxte YII, Fig. S.) Xength when full-grown 5. 5™'^^ to 7^'^»^\ Normal shape 
and general appearance. Diiters from 8, pecuarum hy th^ much more irregular 
markings of segments and head. A majority of the larvae possess one or two lateral 
spots on club-shaped |)Osterior third of body. Llead lacks the regular arrangement 
of spots and lines, which become confused; the two black spot^ on each side pres- 
ent, ^bifennce (Plate VII, Pig. 3a) uniformly pale, much longer than inpccijarttjji, 

- .slender and '3- jointed; -'.first -joint almost twice as long as joints S and S together, and 
a little bent; at base three times and at tip twice as thick as second Joint, which is 
nearly nniform in width, tapering but very slightly towards tip; joint 3 small and 
pointed, about one-fifth as long as joint 3= Mcntmn (Plate VIIj Fig. 4) similar to 
that of S. pemaruniy but distinguished by a flatter apex ,:by the possession of three erect 
bristles on each side, starting from round pores, which deer ease in size towards base; 
a fourth very small bristle close to base and in line with the bristles above ; the sides 
of mentum Imve on each side four sharp teeth. Ldbrum and lahiitin riot ditf event 
from those- of pemarim?.. IfawcHdles (Plate 'Vn, Fig. o?> and 8c) possess but seven 
teeth ill first row; the three first nearly uniform "in length; teeth 4 to 7 gradually 

"decrease ih 'Iength; tooth 4 much the longest of all; the two teeth In second row 
similar to those ot_;pecudvum, MaxiUai imd maxiUary palpus also simiku-. Fans 
similar, but the Iiairs lining the inside of the scythe-shaped rays are thicker and 
nearer together. Proleg more slender; last joint bearing a crown of hooks, usually 
bent suddenly toward head. Tip of abdomen similar to that ot peciicunmu BreatJi- 
mg organs {Ylat€iYll, Mg\ 5) quite different; the three main trunks branch each 
six times, and the branches enter the trunk from both sides. Full-grown larvas 

.. show, also the: newly formed coiled breathing tubes of the pupe:^ through their, skin. 

- . Described from many spcciiij ens. 

' .P?ipa;— (Plate VII, I''ig. 6.) Average length, 3.5™. Shape and coloration as in 
■-S.^pecuarurn. Tlie thoracic iilaKieiits consist only of the six original rays, which do 
not branch. Upon dorsal sm-face of . the posterior margins of abdominal joints 4 
and 5 is a low of eight anteriorly curved hooks similar to those of pecitarum, but 
none on joint 3; anterior margins of joint 9 and of subjoint with a continuous rOw 
: of smaller ^interiorly curved books; joints 7 and 8 unarmed dorsally ; ventrally joints 
6, 7, and 8 have cpcch four minor hooks. 

Coeoon.—{¥kdQ YII, Fig. 6.) Length, Neater than that of any other 

species known to me, being formed of fine threads, lined with gelathious ones. The 
weh is quite dense, uniform, with well-defined, sometimes thickened rimSt The 
cocoon is always securely fastened singly to lea.f or stick, and even if many are 
fastened upon the same leaf they do not crowd each other. It fits snugly about the 
pupa, which is so securely anchored inside as. to be with difliculty extricated, 

■ - REMEDIES TRIBB AND PROPOSED AGAINST THE LARV^. 

Tlie resiilts of a iimrxber of dilrererit experi insecticides 
upon tlie larv^ of the Buffalo Gnats made by Mr. Lugger during tlie 
early spring indicates tliat it is nearly if not quite impossible to re- 
duce tbeir numbers by killing tbem in the streams. To attempt to do 
so when all these streams are swollen^ and frequently from 10 to 20 
yards wide and half as deep, would be sheer T/aste of time. When the 
water is very low and much more sluggish in its motion, thus bring- 
ing the chemicals in contact with the larvse, an application of them 
might be more effective. Great caution must be used in any efforts 
in this direction^ however, as %)th man and beast are in many local- 
ities entirely dependent upon these streams for their water supply and 
the introduction of poisonous substances might cause much trouble. 

Some of the experiments were made by confining the larvse in glass 
tubes and submitting them to a current of water to v/hich the fol- 
lowing decoctions and solutions ha,d been added, viz: China berries, 
salt, lime, sulphur, tar water, kerosene emulsion^ and carbon-bisul- 
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pMde. Strong tar water killed thein; diluted it proved harmless 
Kerosene emulsion diluted to^^(^ cent, kerosene was effect- 

ive; tliree ounces of carbon-bisulpliide in 7 quarts of water proved 
fatal witnin ten:niinutes; the other insecticides were ineffective It 
would -be very costly to put enough of these materials in the water 
to produce the desired effect. 

4.1 ^1^^^^; ^^P^^i^ in which numerous larv^ of 

tlie iurkey Gnat were observed, were carried out in a different way 
rhe materials tried were freshly burned lirne, emulsion of kerosene* 
powdered pyrethrum, carbon-bisulphide, powdered cocculus ipdicus' 
and tobacco soap. With the exception of the lime, which was thrown 
into the water m pieces of the size of an Irish potato, all the others 
were in a watery solutimi or suspension; Repeated trials with all the 
chemiGals produced the same efl^^^^ as the larvae caine ill 

contact with any of the insecticides they would immediately loosen 
their hold upon the leaf and drop down-stream. When the insecti- 
cides became so much diluted as not to incommode the larvae any 
longer, these: would again fasten to leaves. By using a larger amounib 
oi- the various substances miany larvse were killed, as well as most of 
the small nsh^ and aquatic insects. - 

But if the breeding-places in the creeks have to be searched out to 
apply the insecticides, it would be much more simple to remove all 
the logs, sticks, and leaves. AH the fences across the branches should 
beTemoved, or rather should be replaced by wire fences, which would 
neithenmpede the current nor catc^h as niahy sticks an d leaves. Wg 
and larger iwigs, if not embedded too deeo in the mud of the creek 
bed or banks, will always be removed bv any high water; a very com- 
mon occurrence in the Buffalo Gnat region. Old leaves, made heavy 
mud, would also be carried awcay by any high water 
It the obstructions m these creeks were removed, aild with these sticks 
, and leaves many if not most of the hirvce would be carried away 
either into the mam rivers or the lower level of the creeks or lakes 

tI^^i, IS no current and whore they would soon perish ' 
^ If the general opinion that broken levees are to blame for the de- 
structive swarms^of Buffalo Gnats prove to be the correct one, the 
restoration of such levees v>rould, within a few years at most, restore 
the tormer immunity from these insects. This time would be materi- 
ally hastened by the removal of obstructions in all such parts of the 
bayous where they vv^ouid come in contact with the swiftest current. . 

_ OVEKFLOWS AND BUFFALO GNATS. 

^Itis^ very gmerally claimed by the inh of the infested re- 

gion that as long as the States bordering upon the Mississippi River 
liad a perf ect lev^ system, which prevented the water from escaping 
into the inland bayous, no damage was occasioned by Buffalo Gnats 
fi? T^'^^ i^'^r^^ now badly infested. It is further claimed that 

the Buffalo GnabS appear with every overflow, and only with an over- 
now li sucn overflow occur at the proper season and with the proper 
temperature, VIZ, during the first continuous warm days of March 
April, or May. *^ ^ 

The chronological data already given seem to prove such assertions 
correct Too much weight should not, ho7^ever, be attached to these 
data iharegion IS as yet rather thinly settled, and no systematic 
records of the appearance of Buffalo GnaLs ininjurious numbers have 
ever been kept. A general and widespread appearance of these 
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nisects seems to take place, liGwever, only during an inundation, and, 
granting tlxe Gonnection between tlie two phenoniena, the causes for it 
are yet obscure. It was by tlie eluGidation of this jjroblem that wo 
hoped to discover sonie^means of preYenting the injury of the flies by 
inwonting the multiplicatioii of the larv£e. 

Inundations in the lower Mississippi Yalley are not occasioned by " 
local rains, but. by the immense volume of water brought down by 
the riYor and its more northern tributaries^ and such overflows first 
take place in the northern regions infested by the Buffalo Gnats, and 
not in the southern. The earlier appearance of_ these insects in the 
South would seem to invalidate the prevailing belief that an overflow 
brings them. Similar conditions prevail in Hungary, where a closely 
allied insect does so much irgury to all kinds of live stock. There 
the gnats appear every spring in varying numbers, forming local 
swarms which move about with the wind: but no general invasion 
takes place until the river Danube inundates the region infested. 

Is it not probable that swarms of these gnats are forced by the con- 
ditions consequent upon an iriundation to extend their flight beyond 
their usual haunts to the more elevated and drier regions, and that ■_ 
in this fact we have at least one of the causes of the connection? 
Small swarms, otherwise local and unobserved, would thus, during a 
period of high water, be forced to band together in such immense 
armies. There must be other reasons, not yet clearly demonstrated, 
why those insects appear in such vast swarms with an overflow, and 
this i)roblGm can only be solved by a critical study of many breeding- 
places during several seasons over the whole region involved. 

Some x:)eculiarities of the swarms of Buffalo Gnats have been ob- 
served, and these may, by closer study in future, throw some ligh r 
upon the problem. It is to be noted that all the specimens compos - 
ing these swarms are femalesy and that not one male has been found 
among them either here or in Europe. There is every reason to 
believe that none of the females composing the blood-thirsty swarms 
return to the localities where they, were born and developed. Expe- 
rience indicates that once gorged with blood they die. The swarms 
dwindle in proportion as: they are carried away or move from their 
breeding-places. 

■ Close investigation with the microscope has failed to reveal any 
eggs in the ovaries of the females composing these swarms^ and if 
they deposit eggs at all it is before congregating to attack animals. 

These singular facts invite speculation and theory, but it were un- 
wise to indulge in these before we have learned more about the eggs, 
when and where deposited, and whether the females depositing them 
are in any way different from those comprising the swarms. Dr. 
Fritz Mailer has published in the -^rc/ifyos do do 
Bm de Jamiro,Y<^:YS^ pL IV-YII, * some very interesting 

observations on another {Paltosoina torrenUiijn)] tlcie larva of 
which is only found in the torrents and cascades of certain streams 
descending the mountains of Brazil. There the pup^ fastened by 
the fiat venter to the rocks under water, and change into the por- 
ieet: flies. He found by opening the mature pujiee that there are al- 
ways two forms of females associated vdth one form of male. The 
one form of female possesses a rudimentary m.outh, only fit to sip 



* Reviews of Ms paper appeared in Zosmo5, Vol. VIII, pp. 37-42; .Va toe, July 7, 
1831, p. 214; EitUyniQlogisf s MoriM p. 205 and pp. 130- 

laS, and March, 1881^ pp. 235, m 
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honey while tlie otlier lias a moiitli well adapted to penetrate, the 
sMn of warm-blooded animals and t^ 

: Tl^e msble Simulutm J so far as known, is only found near where it 
developed. The strUGtnre of its month prevents it from hiting, and 
it shows no inclination to join the roving swarms of females. Hence 
pairing of the sexes mnst take place in the vicinity of hirth, and the 
eggs are probably deposited soon afterwards. It is also possible, as 
in the case of other Diptera, that the eggs are already well developed 
inthepnpa. 

The condition of the inundated region forbids an indiscriminate 
selection of places to deposit in, since the young larvae must in time 
find suitable swift currents of water after the subsidence to the nor- 
mal level. Such breeding-places we hope to be able to map out in 
future. 

It has also been claimed that a number of successive broods of the 
Buffalo &nat appear in early spring. If such were the case the rela- 
tionship between the presence of the gnats and an overflow could be 
very readily imagined; but we have already shown that there is abso- 
lutely no proof thus far of more than one annual brood. 

Mr. Webster,^ studying in the neighborhood of Vicksburg 

last spring, was impressed with the idea that the connection between 
the S^■ml^Z^^^??^ increase and overflows was dependent upon the condi-^ 
tion of the levees, in that the river water in swelling the waters of the 
bayous not only creates a stronger current in the main bayou, but 
brings the current in contact with many trees and shrubs, as well as 
stumps and vines, along the bayous, thereby offering much greater 
chance for the larvae to attach themselves. 

While we were at some weight to this view, 

and it seemed to afford an additionaL important argument in favor 
of keeping the levees in good condition, a survey of the whole field 
leads us to abandon this as the most important cause in the increase 
of the gnats during the period of the overflow, and to adopt the 
theory already advanced/ viz, that the connection is at least partly 
due to the gnats being driven by the advancing waters from the lower 
to the higher lands. 

Another theory, not supplanting this last but supplementing it, we 
would advance here: There is no doubt but that the advance of the 
waters from the main river and their commingling with the clearer 
streams and tributaries carry a suddenly increased food-supply, in 
the way of minute Crustacea and other aquatic creatures, to the ^imw- 
fem larv^ jiist at the season when these are about to transform. It 
is quite probable that development in these larv^ remains more or 
less latent or stationary during the cold winter months or when the 
water in which they occur is depleted of minute animal life, and that 
a sudden access of food would accelerate the final transformations. 

A possible third connection between the overflow and this increase 
may arise from the fact that the larvae, when the water rises, leave 
their attachments, or that the ddbris upon which they are fastened 
becomesitself started by the flood current, and that inconsequence 
the larvae from hundreds of smaller streams and tributaries are ear- 
ned away by the rising water and impelled into the current of the 
large streams, by which they may be carried for many miles, spreading 
out at last in the overflowed region at just the tim.e when they are 
ready for their final transformations. On this theory the larvae from 
regions far distant become massed in the overflowed region and vastly 
atigm.ent the numbers which have naturally bred there. 
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■ ; the fall web-worm. - 

- {MypiioAitria cmiea, Drary.)* 

V Order Lepidoptbbaj family Bombycid^. 

; [Plates X arid XL] 

This insect ho.s from time to time attracted general attention by its 
great injurie.y to both f rait and shade trees. Many authors have 
written about it^ and -consequently it has reeeived quite a number of 
different ixanaos. The popular name ^^I^all Web-worm," first given 
to it by-Harris, in his * ' Insects injurious to Vegetation/' is sufficiently 
appropriate as indicating the season when the webs are most numer- 
ous. The term is, however, most expressive for the New England and 
other Northern States^ where the insect is single-brooded^ appearing 
tlnire dm^ing August and Septernber, while in more southern regions 
it is double-brooded. In our third Missouri rej)ort we first called 
attention to its double-broodedness at Saint Louis, and we find that it 
is invariably two-brooded at Baltimore and Washington, . Except in 
seasons of extreme increase, however, the first brood does no wide- 
spread darnagG, while the Fall brood nearly always attracts attention. 

We have decided to call attention to this insect somewhat in detail 
in this report because of its exceptional prevalence and injury in the 
Atlantic States during the year 1886, and because it became a public 
nuisance in the city of Washington, and the District Gomm i 3sioners 
have formally requested information from us on the subject. 

NATUBAL HISTORY^ 

Limitation of Broods.-— At Washington vv^e may say in general 
that tho first brood ajmears soon after the leaves have fully devel- 
oped, and numerous webs can be found about the first of June, while 
the second brood appears from the middle of July on through August 
and September. In Massachusetts and other Northern States the 
first moths issue in June and July: the caterpillars hatch from the 
last of June until the middle of August, reach full growth and wan- 
der about seeking places for transformation from the end of August 
to the end of September. 

The species invariably hibernates in the chrysalis state within its 
cocoon, and the issuing of the first brood of nioths is, as a conse- 
quence, tolerably regular as to time, i e., they will be found issuing 
and flying slowly about during the evening, and more particularly 

* We have adopted- the name HyphantHa cmiea, fqilo wing ClGmens's reasons for 
separating JJ?/23?iar.Ma from SpUosoma. Heshows (Free. Ac. Nat. Sci. -Phil., 1860, 
. p. 580) that, while agreeing in the wings, Hypfimitria differs in the labial palpi, the 
second joint of which is very short and-fche terminal Joiiit nearly rudimentary, and 
m the hind tibiJB, which have but one pair of small apical spurs. 

The following is tlie synonymy of the species: - 

Phalmna (Bombyx) cimea Bimy , 1182. ' 

PhalcenapitnctatissimaAbhGt^ 

O^ema czmea Huebner, 1821. 
::Spil6mmacunea(I)raxj),Wem^o 

B^hantria tecctor B.a;rrm, l841, - 

EuprocUsiextor (Harris); Walker, 1855. . \ \. 

Hyphamiria pmGt(Ua¥itc\i^ l%m, ^ - - - - - - - - -- _ - - 

H|(p/ia?i#?^^a fea'ror Harris/ Glen iGRs, 1861. 

SpUosoma cimeaDvury, Brooklvn S^)c. Check-list of Macro-Lep., 1883. 
IlyphcmtHa cmiea (Prm:Y)/Grot&^ : 
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at iiiglit, dunng the whole moiitli of them early or 

late in the month, accordm^ may be early or late. 

They couple and oviposit very soon after issuing, and in ordinary 
seasons we may safely count on the bulk of the eggs being laid by 
the end of May. During the month of June the moths become scarcer, 
and the bulk of them have perished by the middle of that month, 
while the webs of the caterpillars become more and more conspicu- 
ous. The second brood of moths begins to appear in July, and its 
occurrence extends over a longer period than is the case vf ith the first 
or spring brood. The second brood of caterpillars may be found from 
the end of July to the end of .Sej)tember, hatching most extensively, 
however, about the first of Aiigust. 

In Massachusetts and other Isrorthern States the first moths issue 
in June and July; the caterpillars hatch from the last of June until 
the middle of August, reach f ull growth, and wander about seeking 
places for transformation from the end of August to the end of Sep- 
tember. ■ ' \ ■ - ■ 

Tha following general remarks upon the different stages refer to 
Washington and localities where the same conditions hold. 

The Eggs (Plate X, Fig. 3a).^The female moth deposits her eggs 
in a cluster ou a te and sometimes on 

the lower side, usually near the end of a branch. Each duster con-^ 
sists of a great many eggs, which are deposited close together ^nd 
sparsely interspersed with hair-like scales. In thi^ee instances those 
deposited by a single female were counted. The result was 394^ 
427, and 502, or an average of 441 eggs. But in addition to such 
large clusters each female will deposit eggs in smaller and less regu- 
lar patches, so that at least 500 eggs may be considered as the real 
number produiiod by a single individual. The egg, measuring 0.4™"^, - 
is of a bright golden-yellov7 color, quite globular, and ornamented by 
^numerous regular pits, which give it under a magnifying lens the 
appearance of a bea-utiful golclen thimble. As the eggs approach 
the time of liatching this color disappears and gives place to a dull, 
leadenhue, : ^ : 

The interval between the time of depositing and hatching of the 
eggs for the first brood varies considerably, and the latter may be 
greatly retarded by inclement v/eather. Usually, however, not more 
than ten days are consumed in mLaturing the embryo within. The . 
eggs of the summer brood seldom require more than one week to 
hatch. / 

Without check the offspring of one female moth might in a single 
season (assuming one^half of her progeny to be female and barring 
all checks) number 125,000 caterpillars in early Fall— enough to ruiii 
;the shade, -trees of many a fine street. ■ ■ ' 

^ -The ;LARViE (Plate X^ Figs/ 2a; 2-5,:and 2c).™The caterpillars just . . 
born are pale yellow, with two rows of black marks along the body, a 
blackhead, and with quite sparse hairs. When full grown they gen- ; 
orally ^ippeiir [)ajG yellowish or greenish, with a broad dusky stripe 
alpng the back and a yeljA)w stri;ge along the sides: they are covered " 
with whitish hairs, which spring from black and orange-yellow warts. 
The caterpillar is, however, very variable both as to depth of coloring 
and as to markings. Close - observations have- failed to show that 
different food produces changes in the coloration; in fact, nearly all 
the various color varieties may be found upon the same tree. The^ 
fall generation is, . however, on the whole^ darker, with browner hairs, 
than the spring generation. , 
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As soon as the young caterpillars liatcli they immediately go to 
work to spina small silken weh for themselves, which by their united 
eff orts soon grows large enough to he noticed upon the trees. Under 
this protecting shelter they feed in company, at first devouring only 
the green iipper portions of the leaf , and leaving the veins and lower 
skin unmolested. As they inerease in size they enlarge their web hy 
connecting it with the adjoining leaves and twigs; thus as they grad- 
ually work downwards their web becomes quite bulky, and, as it is 
filled with brown and skeletonized leaves and other discolored matter 
as well as with their old skins, it becomes quite an unpleasant feature 
In our public thoroughfares and parks. The caterpillars always feed 
underneath these webs • but as soon as they approach maturity, which 
requires about one month, they commenceto scatter about, searching 
for suitable places in which to spin their cocoons. If very numerous 
upon the same tree the food-supply gives out, and they are forced by 
hunger to leave their sheltering homes before the usual time. 

When the young caterpillars are forced to leave their web they do 
not drop suddenly to the ground, but suspend themselves by a fine 
silken thread, by means of which they easily recover the tree._ Grown 
caterpillars, which measure 1.11 inches in length, do not spin such a 
thread. Both young and old ones drop themselves to the ground 
without spinning when disturbed or sorely pressed by hunger. 

Pupa and Cocoon (Plate X, Figs. 2d and 3e).— Favorite recesses 
selected for pnpation are the crevices in bark and similar shelters 
above ground, in some cases even the empty cocoons of other moths. 
The angles of tree-boxes, the rubbish collected around the base of 
trees and other like shelter are employed for this purpose, while the 
second brood prefer to bury themselves -just under the surface of the 
ground, provided that the earth be soft enough for that purpose. 
The cocoon itself is thin and almost transparent, and is composed of 
a slight web of silk intermixed with a few hairs, or mixed with sand 
if made in the soil. 

The pupa is of a very dark-brown color, smooth and polished, and 
faintly punctuate. It is characterized by a swelling or bulging about 
the middle. It is 0.60 inch long and 0.28 inch broad in the middle of 
its body. 

- The Moth (Plate X, Figs. 1 a-/, and 2/).— The moths vary greatly, 
both in size and coloration. They have, in consequence of such vari- 
ations, received many names, such as cimea'Dv'aYj, textorllsiTY. , p^i?ic- 
fMa Fitolii, pimctattssirna Bm^^^^ But there is no doubt, as proven 
from frequent breeding of specimens, that all these names a^pply to 
the very same insect, or at most to slight varieties, and that Drury's 
name cunea, having priority, must be used for the species. 

The most frequent form observed in the vicinity of Y/ ashington is 
v/hite, with a very slight fulvous shade. It has immaculate wings, 
tawny-yellow front thighs, and blackish feet. In some specimens the 
tawny thighs have a large black spot, while the shanks on the upper 
surface are rufous. In many all the thighs are tawny-yellow, while 
in others they have scarcely any color. Some speeimens (of ten reared 
from the same lot of larvae) have two tolerably distinct spots on each 
front wing, one at base of fork on the costal nerve and one j ust within 
the second furcation of the median nerve. Other specimens, again, 
have their wings spotted all over and approach the form ptmctatis- 
fSima, described as the Many-spotted Ermine -moth of the Southern 
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States. Tlie wings of the motlis expand from one iiieli and a quarter 
to one inch and tliree-eiglitlis. The male mot h^ which is usually a 
little smaller, has its antennae donhly feathered beneath^ while 
of the female possess instead tw 

The pupa state lasts from six to eight days for the summer brood, 
while the hibernating brood, however, requires as many months, ac- 
cording to the latitude. 

INJURY BONE IN 1886. 

\ During the past year the city of Washington, as well as its vicinity, 
was entirely overrun by the caterpillars. With the exception of trees 
and plants the foliage of which was not agreeable to the taste of this 
insect, all vegetation suffered greatly. The appended list of trees, 
shrubs, and other plants shows that comparatively few kinds escaped 
entirely. The fine rows of shade trees which grace all the streets 
and avenues appeared leafless and covered with throngs of the hairy 
worms. Exceptingonthe very tall trees, in which the highest branches 
showed a few leaves too high for the caterpillars to reach, not a 
vestige of foliage could be seen. The trees were not alone bare, but 
were still more disfigured by old and new webs made by the cater- 
pillars, in which bits of leaves and leaf -stems, as well as the dried 
frass, had collected, producing a very unpleasant sight. The pave- 
ments were also constantly covered with this unsightly frass, and _ 
the empty skins of the various molts the caterpillars had to undergo 
V were drifted about with every wind and collected in masses in cor- 
ners and tree-boxes. The parks fared a little better. Because of the 
great variety; of trees planted there some escaped entirely, while 
others showed the effect of the united efforts of so many hungry cat- 
erpillars only in a more or less severe degree. The grassy si:>ots sur^ 
rounding the different groups of trees had also a protective influence, 
siiice the caterpillars do not like to traveh over grass, except when 
prompted by a too ravenous hunger. The rapid increase of this in- 
sect is materially assisted by the peculiar method of selecting shade 
trees for the city. Every street has but one kind of shade tree; rows 
of them extend for miles, and the trees are planted so close together 
that their branches almost interlace. Thus there is no obstacle at 
all to the rapid increase and distribution of the caterpillars. If dif- 
ferent kinds of trees had been planted so as to alternate, less trouble 
might be experienced. Plate XI shows a view of Fourteenth street, : 
taken in late September, which iiiustrates the point, the Poplars on the 
west side being completely defolia, ted as far as the eye can reach, 
while the Maples on the east are almost untouched. 

As long as the caterpillars were young and still small the different 
Gommunities remained under cover of their webs and only off ended 
the eye • but as soon as they reached maturity and commenced to scat- 
ter, prompted by the desire to find suitable places to spin their cccoor s 
and transform to pupae, matters became more unpleasant aiid conf- 
plaints were heard from all those who had to pass such infested trees. 
In many localities no one could walk without stepping upon cater- 
jjillars; they dropped upon every one and every thing; they entered 
flower and vegetable gardens, porches and verandas, and tlie house 
itself, and became, in fact, a general nuisance. 

The chief damage done to vegetation was confined to the city itself , 
although the caterpillars extended some distance into the surroLinding 
country. There, how they were more local and almost entirely 
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confined to certaiii trees/ and mainly so to tlie White Poplar and the 
Cotton-wood. Along the Baltimore and Potomac Railroad ti'acks 
these trees were defoliated as far as liYe miles from the Capitol. In 
Georgetown the caterpillars Yf ere equally noxious^ bnt in the adjoin- 
ing forests bnt very few webs coiild he seen, 

The proportionate injury to any given species of tree is to some 
extent a matter of chance; and in some respects a year of great injnryj 
as 1886, is not a good year to stndy.the preferences of a species, be- 
cause when hard pressed for food the caterpillars will feed upon al- 
most any plant, though it is questionable whether they can mature 
and transform on those which they take to only under the influence . 
of such absolute necessity. Again^ the preference shown for partic- 
ular trees is more the result of the preference of thei parent moth than 
of its progeny in a case of so general a feeder as the^Fall Web-worm. 
We had a very good illustration of this in Atlantic City last autumn. 
The GaterpiUars were exceedingly abundant during autumn along this 
jortion of the Atlantic coast, especially on the trees above named. 
We studied particularly their ways upon one tree that was totally de- 
foliated by September 11. The bulk of the caterpillars were then just 
through their last molt, though others were of all ages, illustrating 
different hatchings. There was an instinctive migration of these 
larvse of all sizes, and the strength of their food-habit once acquired 
from birth upon a particular tree was well illustrated. At first the 
worms passed over various adjacent plants, like Honeysuckles, Roses, 
the leaves of which they freely devour if hatched upon them; 
but as the migrating swarm became pressed with hunger they finally 
fell upon these, and even upon plants like the Peach and Ailanthus, 
which ordinarily are passed over. They would even pounce upon; 
any - food, and a rotten apple placed in their way was soon literally 
swarming with them and sucked dry. - 

In a general way it may be stated that conifers, grapes, and most 
herbaceous plants are free from their attacks, and it is very doubtful 
whether the species can 'mature upon them. 

The list of plants which follows is arranged according to the rela- 
tive damage to the foliage in the city of Washington. The three 
first named are most subject to attack, and in fact are almost always 
defoliated. 

PROPORTIONATE INJURY TO DIFFEBENT PLANTS AND SHADE TREES. 

The damage done in the city of Washington was exceptional, but 
so was also the general damage throughout the ITew England States, . 
if not throughout the country. In New England the greater predi- 
lection which the species showed for Poplar, Cottonwood, and the 
ranker growing Willows was evervY^iere manifest, a^nd so much was - 
this the case, that the destruction of tlie first brood on these trees 
would have substantially lessened the damage to other trees. 

Plants marked 1 have lost from 75 to 100 per ceiit, of their foliage. 

Plants marked 2 have lost from 50 to ?5 per cent, of their foliage. 

Plants marked 3 have lost fvom M to 50 per cent, of their foliage. 

Plants marked 4 have lost from 1 to 35 per cent, of their foliage. 

Plants marked with two fig ores have sh o wn the relative immunity 
or injury indicated by both, the va-riation being in individual trees, 
1. Negundo aceroides McBnch.; JBox Elder.) ' . _ \ 
1. Populus alba hi (European White Poplar.) 
1. Popuhis monilif era Ait, (Cottonwood,) 
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1-2. Popnlus balsamifer^^ 

1-2. Populus tremitloidesMicl^^ (American Aspei 

1-2. Fraxinus americana L. (WMte Ash.) 

1-2, Fraxinua- excelsior L. (Enrbpean Ash.) 

1-2; Sambuctis canadensis L, (Elder.) 

1-2. P^/ras species. (Oultivated Pear and Apple.) 

1-2. Friimis avium and cerasus (Cherries.) 

1-4. Syringa vulgaris L. (Lilac.) : - 

1- 4. Ilex species.' (Holly.) 

■ 2. Platanus ocGidentaUs L. (Sycamore.) 
2/-- Salix species, (Yv'illow.) . ' ' ■ 

2. Tilia americana L, (American Linden, ) 
2. Tilia euroidma L. (European Linden.) 
2. Popiilus dilatata Ait. (Lomhardy Poplar. ) 

2. Uhmis americana L, (American White Elm ) 

2- 3. Ulmus fulva Mich'x. (Slippery Elm.) 
2-3. Prunus armenica L. (Apricot.) 

2-3._ Almis maritima Mnhl. (Alder.) 
;2-3. Betula alba lj. (Whrte Birch.) 
2-3. Fi^TOt^m species. (Haw or Sioe.) 
■ 2-3. I^onicera species. (IloneysncMes.)^ 
2-3. Prunus americana Marsh. (Wild Eed Plum.) 
2-3. Celtis occidental is L. (Hackherry.) 
2-3. i?05a species. (Rose.) 
2r-d* &ossypiiim album Iiam/ {^^ 
2-^3. Cephalanthiis ocxMentalis L. (Button Bush.) 
2-3. Fi^«5 species. (Grape-vine.) 
2-4:. Convolvulus si:^eoies. (Morning Q-lory.) 
2-4. Acer saccJiarinum'W^xig, (Sugar Maple.) 
2-4. Geranium B-pecies. (Geranium-) 

3. Betula nigra L. (Red Birch.) ■ 

3. Tecoma radicans JuES. (Trumpet Creeper.) 
d. Symphoricarptis racemosus Mich'x. (Sno wherry 
r^^::Larix eurqpma I)Gi, (European Larch.) 
3. Coryhis americafiaWalt (Hazel-nut.) 
3. Quercus alba L. (White Oak.)- 
3. Diosptjros virginiana L. (Persimmon,) 
3. Oar^/a species, (Hickory.) ! 

Juglans sfecies, (Walnut,) I 
3. ' Wistaria sinensis Del. (Chinese WisteW A 
3. Wistaria frutescens, (Native Wisteria!) 
3. AmelancMer canadensis T. BP[idiGc: (Sh^d-hush ) 
3. (7ra^ce9f'Z^5 species. (Haw.) 1 - 

3. i^-^/ft If s species. (Blackberry.) | - 

3. Spirma species. (Spirse, -.) 
3. i?^?>es species. (Currant and Gooseberry.) 
3. Ski ^ 'Ji y lea tri folia L. (Bladder N"ut.) 

8-4,:- Cydoma vulgaris Fgtb. ^ (Quince.) ^ 

3-4. Asiinina triloba Bmi, (Pawpaw.) 

'^-4:.\Berberis canadensis Piyrm, - (Barberry.) 

3-4.. Catalpa bignonioides- Walt. : Vindian Bean.) 

3-4. Catalpa ^peciosa Ward, (Bignonia. ) 

3-4. Euonyrmis atropurpureus Jmg, . s Burning Bush.] 

^-L C^pressustkyoid^^:,U (White Cedar.) 

3-4. Juniperus virgimana L. ^Red Cedar. ) 

3-4 Cornus Jiorida L, (Flowering Dogwood). 
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3-L Cor nus altefmif alia h^^ 

D-4. Carpimis americana Mich^x. (Hornbeam.) 

3-4. Castmiea americcmaM.ich'x. (American Chestnut.) 

d-L Gastaneapiimila Micli'x. {^^ 

d-L Ost7^ya virginica^W 

3-4. Qtierctis cocci^ieaWatig, (Scarlet Oak.) 

3-^, Querciis pheU^^ 

3-4. QtierOT6-prmtis L. (Gliestnut Oak.) 
o-A. Quercits riibra la, (B,ed Oak,) 
3-4. Diospyros kaki L. (Japan Persimmon.) 
'd-A:, BiixiiS sempervirenS:l^, {^^ 

Hamamelis virgmiea ^1^ (Witch Hazel.) 
o-4z. Sassafras officinale 'Neesr 
3-4. Cerc-is ca'^^ade^^5'^'s L. (Red Bud.) 

Hihisms syrm^ (Tree Hibiscus.) 

d-4r^ Ehamnus ahiif olms 'L^Bim\ (Alder-leaved Bucktliorn. ) 
'^-L Pruniis virginiana lu. (Choke Gherry.) 
3-4, Persica vulgaris Millan, (Peach.) 

\j3]]sciilMS hij^ (Horse Chestnut.) 

3-4. PoMloivnia iniper talis Seeb. (Cigar-tree.) 
3-4. Ailantlms glanditloms Daf . (Tree of Heaven. ) 
3-4. Macluro. aurantiaca Kutt. (Osage Grange. ) 
3-4. Ampelopsis qiiinqiie folia (Tirginia Creeper.) 

?r-4:, Cle/moitis ^QQ\m. (Clematis.) 
3-4. Tri/ori- lim species. (Clover.) 
3-4. JJeZ^^api^Ms species. ( 
3-4. J asmmitm species. (Jessamine). 
3-4. J^ci6S carica L. (Mg,) 

4:, Bhus cotinus "L, (Smoke Tree*) 
A 4. Pinus species. (Pine.); ' 

4. Tacc^^'^^ species. (Yew.) ^ 

4. Nyssamultiflora, W)mgQTh^ 

4. AFagt^:5 /erTOgmea Ait. (Beech.) 

4. ^aZmia species. (Laurel.) 

4. i^ftododendror^, species. (Ill^^^ 

4, Micinus communis h, (Castor-oil Plant.) 

A, Liqziidambar styracif (Sweet Gum.) 

4. Gleditschia triacantJios lu. (Honey Locust.) 

4, Gymnocladus ccinadsnsiSy J^Mnh. (Kentucky Coffee Tree.) 

4c, BoMnia pseiidacctcia Ij, (Locust.) 

A, Liriodendron tulipiferau 1j, (Tulip Tree.) 

4. Jfag no species. (Mag 

4. CJiionanthus virgimc'us L. (Fringe Tree.) 

4:. Ligustriiin VMlgctre lj.^ 

4. Zanthoxyhwi america/imm M. (Prickly Ash. ) 
: 4. Acer dasycarpum^^^i^^^^^ (White or Silver Maple.) 
4. Acer riihrmn W^ngQvi. i^^ 
4. ^smiZtisytot;a5 Ait. (Sweet Buckeye.) 
4. ^S0'iJ«5V!7^«&ra Willd. (Ohio B 
4. Jf'oras ri/'6ra L. (Red Mul^^ 
Trees in the vicinity of the White Poplar and Cottonwood suffer 
most. Even trees usually not injured, as, for instance, the Sugar 
Maple, are often badly defoliated when in such contiguity. 

This list contains a number of plants not usually injured by these 
caterpillars. In some cases the injury was due to the fact that tvfigs 
conta ining the web with its occupants had been pruned from the tree 
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and thrown near plants, instead of b at once or otherwise 

destroyed. ; \ 

In other cases the injury is due to the peculiar position of the plant 
injured, i. 6. under a tree infested by the caterpillars. These, when 
fully grown, commence to scatter, and dropping upon the plant un- 
derneath the tree, soon defoliated it without actually making their 
home upon it. The great number thus dropping from a large tree 
will soon defoliate any smaller plant, even if each caterpillar takes 
but a mouthful by way of trial. Thus Holly, a plant not usually 
eaten by these insects, soon became denuded. Other plants, unpala- 
table or even obnoxious to the caterpillars, are sometimes destroyed 
by the multitudes in their search for more suitable food. 

Hungry caterpillars, leaving a denuded tree in search of food, 
wander in a straight line to the next tree, sometimes a distance of 25 
feet, showing that they possess some keen sense to guide them. If such 
a tree offers unsuitable rood, they still explore it for a long time before 
deserting it. In this manner two columns of wandering caterpillars 
are formed, which frequently move in opposite directions. 

; PECULIAR EFFECT OF DEFOLIATION UPON SOME PLANTS. 

During the early part of October many trees, mainly Apple and 
Pear, which -had been entirely denuded of their foliage by the cater- 
pillars, showed renewed activity of growth. Some had a few scat- 
tered flowers upon them, others had one or two branches clothed with 
flowers, while in some few cases the whole tree appeared white. It 
looked as if the trees were covered with snow, since they lacked the 
green foliage usually seen with blossoms in spring. Some few flowers 
were also observed upon badly defoliated Cherry trees. Even as late 
as the middle of November, owing perhai3s also to the pleasantly warm 
weather, some few flowers could be observed upon some imported 
plants belonging to the genus Spircea and upon the Chinese lied Apple. 
AH these plants iisually flower early in spring. The caterpillars, 
having entirely defoliated the tree, produced thus an artificial period 
of rest, or winter, which was followed by unseasonable budding and 
flowering. Such a result often follows summer denudation by any 
insect, and we have referred to some remarkable cases in our previous 
writings/* 

ENEMIES OF THE WEB- WORM OTHER THAN INSECTS. 

The caterpillars have comparatively few enemies belonging to the 
vertebrate animals. This is not owing to any ofl^ensive odor or to 
any other means of defense, but it is entirely due to their hairiness. 
Ghickens, and even the omnivorous ducks, do not eat them; if offered 
to the former they pick at these morsels, but do not swallow them.^ 

The English Sparrow has, in this case at least, not proven of any 
assistance whatever. Indeed, as before stated, its introduction and 
multiplication have greatly favored the increase of the worms. 

The ^^pellets " of a Screech-owl {Scops asio), found in the vicinity 
of Baltimore, Md., and examined by Mr. Lugger, consisted appar- 
ently almost entirely of the hairs of these caterpillars, proving that 
this useful bird had done good service. 

Perhaps the statement may be of interest, that this little owl is 



* See Eighth Rexjdrt on the Insects of Missouri, p. 121, 
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getting mucli more common m tlie vicintty of such cities in which 
the English Sparrows have become mimeroiiS, and that the imj>orted 
birds will find in this owl as bold an enerny as the Sparrovf-hawk is 
to them in Earope/and e^en more dangerous^ since its attacks are 
made towardsxhisk, at a time when the Sparrow has retired for the 
nighty and is not as wide awake for ways and means to escape. 
: If our two Cnckoos, the Black-MUed as well as the Yellow-billed 
species, conld be indnced to bnild their nests within the city limits 
or in oiir parks/ we shonld gain in them two yery nsefnh friends, since 
they feed upon hairy caterpillars. 

The common Toad {Bufo americatia) has eaten great numbers of 
these caterpillars, as shown by dissections made by Mr. Lugger, and 
it should be carefu.lly protected, instead of being tormented or killed 
by boys^ or even grown people. . The Toad is alvrays a useful animal, 
and ought to be introduced in all gardens and parks, ^ 

The following species of spiders were observed to eat the caterpil- 
lars; viz, lilarpessa tindatct Koch, and ^1 tee. s (J^hvaippus) tripunc- 
tatus, Neither species builds a web, but obtains its prey by boldly 
leaping upon it- they are, in consequence of such habits, freqaently 
called tiger spiders. The former was eicceedingly eoniniGn last year, 
■more so than for many previous years, thus Tjlainly indicating that 
the species did not suffer for lack of food. This species is usually 
found upon the trunks of trees, and is there well protected by its 
color, which is like that of the bark. It hides in depressions and 
cracks of the bark, and, jumping upon the passing game, or catlike 
approaching it from behind, it thrusts its poisonous fangs into the 
victim, which soon dies and is sucked dry. The Attus has similar 
habits, but is still more cautious; it usually hides under loose bark. 
Both spiders are wonderfully active and kill large numbers of cater- 
pillars. Their large and flat egg-masBes can be found during the. 
winter under dead bark and in cracks. Both species hibernate in 
silken nests in similar localities. 

PREDACIOUS INSECT ENEMIES. ' 



The caterpillars of this moth have quite a number of external en- 
emies^ which slay large numbers of them. The well-known Rear- 
horse (IfantecaroZm very fond of the caterpillars. 
The so-called Wheel-bug (Prio?iid^^^ proved to be one 
of our best friends in reducing the numbers of the caterpillars. This 
insect was formerly by no means very common in cities/but of late 
years it has greatly increased in numbers, and is now a well-known 
feature in all our public parks and such streets as possess shade trees. 
Outside of the city it is rarely met with; nor does it extend much 
farther Forth than Washington. It is, like the Mantis, in all its 
stages a voracious feeder upon insects, slaying alike beneficial and 
noxious ones. The bright-red larvie and pupa3, also carnivorous, are 
seen in numbers during the summer; they usually remain together 
until hunger forces them to scatter. They assist each other in 
killing larger game, and are to this extent social. The Wheel-bug 
could be observed almost anywhere last summer, but usually motion- 
less, stationed upon the: trunks of trees, waiting for the approach of 
an insect. If one comes near^ it qnite leisnrely inserts its very poison- 
ous beak and sucks the life-blood of its victiim Wlien^his becomes 
empty it is hoisted up in the air, bs if to facilitate the flow of blood, 
until eventually it is thrown away as a mere shriveled skin. The 
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appetite of tlie Wlieel'-biig is remarkable, wlienever chances offer to 
appease it to the f ullest extent. Frequently, Iiowever., times go hard 
with it, a^d notwithstanding it is very loath to change a position once 
takeUj it is sometimes forced to seek better hunting-grounds, and 
takes to its wings. The Vf heel-bug has been observed to remain for 
days in the same ill-chosen position—for instance irgon the walls of a 
building—waiting patiently for something to turn up. It is slov/ in ; 
all its motions, but withal very observant of everything occurring in 
dts neighborhood, proving without doubt great acuteness of senses. 
It does not seem to possess any enemies itself, and a glance at its 
armor will indicate the reason for this unusual exemption. * Dur- 
ing warm weather this bug possesses a good deal of very searching 
curiosity, and a thrust with its beak filled with poison is very painful 
indeed. Boys call it the " blood-sucker,'' a misnomer, since it does not - 
suck human blood. Its eggs are laid during the autumn in various 
places, but chiefly upon smooth surfaces of the bark of tree trunks, 
and frequently in such a position as to be somewhat protected against 
rain by a projecting branch. The female bug always selects places 
the color of which is like that or the eggs^ so that they are not" easy 
to see, notwithstanding their large size. ■ ; .- . ' . 

EuscliisUis servtis Say is another hemipterous insect that preys 
upon the caterpiiiar of H, teaytor, BJid in a similar manner, to the 
"Wheel-bug. It is a much smaller, but also a very useful insect. 
: Fodisus spi7iosus^ ^ in all its stages j was qnite numerous dur- 
ing the caterpillar plague. Its brightly-colored lar vse and pupae were ' 
usually found in small numbers together, but as they grew older they 
became more solitary in their habits. AH stages of this insect fre- 
quent the trunks and branclies of trees, and are here actively engaged : 
in feeding upon various insects. As soon as one of the more mature 
larvsB or pupae has impaled its prey the smaller ones crowd about 
to obtain their share. But the lucky captor is by no means willing to , _ 
divide with the others, and he will frequently project his beak forward, 
thus elevating the caterpillar into the Lpr awa^y from the others. The 
habit of carrying their "food in such a diiQcult position has perhaps 
been acquired simply to prevent others from sharing it. A wonder- 
ful strength is necessary to perform such a feat, since the cater|)illar 
is sometimes many times as heavy as the bug itself. The greediness/ 
of this bug was well illastrated in the following observation : A 
pupa of P. spinosus had impaled a caterpillar, and was actively en- 
gaged in sucking it dry; meanwhile a Wheel-bug utilized a favorable 
opportunity and imp)aled the piipa vfithout forcing the same to let go 
the caterpillar. The elasticity of the beak of these bugs must be 
very great ; they can bend it in any direction and yet keep it in suck- 
ing' operation. The poison contained in the beak must act very rap 
idly, since the caterpillars impaled by it squirm but a very short time 
and then become ciuiet. ' . 

.FUNGUS. DISEASE OF THE WEB-WORM. 

In our Fourth Missouri Entomological Report, p. 88, we called ajt- 
tention to the fact that the fungus disease of the domestic Silk-worm, 
called in France MusGardine^ and supposed to be due to the develop- 
ment in the worms of the fungus Botrytis bassiana, or a disease 
which had npt yet been distinguished from it, had made its appearance _ 

*Its eggs, lidwever, are pierced by a little egg"paiw 
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among Silk-worms, both imported and in some of the Eastern 
States/ and that in the fall of 1870 it was so common around Saint 
Louis that we found hundreds of hairy caterpillars stiffly fastened to 
their food-plants and covered with the white efflorescence. On sev- 
eral occasions in Saint Louis vve found the Hyphantrici ImYm gQn- 
erally affected by it. ^ 

The latest authority upon this fungus (Saccardo) gives it as living 
upoh Bombycid larvae, particularly upon the Silk- worm of commerce, 
in France, Italy/ and North America. Botrytis tenella, which he 
described in his Fungi Ttalicce'^ ^B a new species, he now considers 
as only a variety of B. bassiana. This variety is found upon dip- 
terous larvae and pupse^ upon wasps of the genus Vespa, and upon the 
larvaB of the coleopterous gmus ilf6foto?ii)ia. (P. A. Saccardo, 
loge liyphomycetum o7unmm husciisqtie cognitorum, Vol. IV, p. 
119, Patavia, i886.) 

The first brood of the Web-worms at Washington in 1886 shov/ed 
in some quite well-defined localities the indications of a fungus dis- 
ease, which was probably only a variety of this Botrytis. It did not 
become, however, so general as later in the season, when it prevailed 
everywhere* yet it could be observed that the contagion had started 
from certain points. In such localities almost all the caterpillars were _ 
diseased and died, and large numbers of the dead were huddled to- 
gether as in life. But when investigated, their bodies were hard and 
dry, and would readily crumble to pieces when pressed, producing an 
odor like that of sbme mushrooms. Only full-grown, or rather cater- 
pillars in their last larval skin, were thus affected . The dry remains 
had retained the original shape, and, if killed but recently by the 
fungus, their color as well. Before dying the caterpillars had fas- 
tened themselves very securely to trunks, twigs, and loaves of A^arious 
trees, somewhat like the common house-fly, that dies by a similar dis-. 
ease in large numbers during September in our houses and produces 
around itself such a characteristic halo of white spores. Caterpillars 
infested by the incipient stages of this disease wander about aimlessly 
and at an ^regular sx)eed; of ten they halt for some time, then squirm 
about franticaily to start again, and frequently in an opposite direc- 
tion to the one they were going before, if such a diseased caterpillar 
is confined to a glass jar and observed, it is soon seen that a white 
mealy substance gradually grows "out of all the soft spaces between 
the segments, which -eventually covers the whole insect, leaving 
generally only the black head and tij)s of hairs visible. Before long 
many spores are scattered about, forming a circle of white dust around 
the caterpillar, and, if not arrested by an obstruction in its expulsion, 
the halo thus f ormed is quite regular and about 2 inches in diameter. 
Outdoors this white dust is but seldom observed, because even the 
slightest draft of air ivill carry it away and drift it about. Even 
the white mealy substance adhering to the caterpillar itself is usually 
swept away, and the victims look very much like healthy caterpillars; 
but they darken with time, and eventually drop to the ground. The 
magnifying-glass, however, still reveals some spores adhering to the 
hairs upon the under side and upon the bark or leaf of the tree in the 
immediate neighborhood. 

This fungus kills caterpillars even after they have made their 
cocoons. I^Tor does the pupa escape. In the latter case the spores 
form- a white crest over every suture of the thoracic segments; the 
abdominal segments, however, remain free from it. Evidently the 
caterpillars w'ere nearly full-grown when attacked by the disease, 



BEPOKT OF THE ENTOMOLOGIST. 



529 



and possessed yigor enough to transform pupae; later tlie fungus 
grew, and pressing the cMtinous portion of the pupa apart, foreed 
itself to the air to fructify . 

Plants not usually eaten by the caterpillars^ as well as others not 
eaten at all, haye upon them the largest numbers of caterpillars 
killed "by the fungus/ provided that they grew in the vicinity of 
suitable food-plants. Perhaps unsuitable food^ predisposing ^the 
- Caterpillars fo^^ any disease, is one of the causes of the innumerable 
host killed by this fungus/ 

The white cocoons of a parasite {Jpanteles hyphantrim) were in 
some cases observed to be covered with similar fimgus spores. Open- 
ing such cocoons it was seen that the spores were not simply blown 
upon the silk and there retained, but that they came from the victim 
within, and had forced their way through the very dense silken mass. 

EXPEKIMENTS TO OBTAIN PEECBNTAOE OF DISEASED CATERPILLAKS, 

Experiment I: 

One Jiundred and twenty-five nearly grown caterpillars were 
gathered (October 7, 1886) at random in one of our public 
parks. They were imprisoned in large glass j ars^ and daily 
supplied with suitable food, 
- Result, October 18, 1886: 
11 apparently healthy pupse. 
3 deformed pupse. 
18 yellow cocoons of Jiefeorus /i-^^^^^ 
9 dead pupse, killed by fungus or otherwise. 
84 dead eaterpillars^ killed by fiiilgus or otherwise. 

In the earth of the jar were found 17 pup^ of Tachina flies, leav- 
ing 67 caterpillars and 9 pupae killed by the fimgus, or 61 per cent. 

Experimerit II : 
; One hundred and twenty-five nearly grown caterpillars were 
\ ^^athered (Octooer 7, 1886) from a trunk of a soft maj)lo 
(unsuitable food) and treated as above. 
: Result, October 18, 1886 : 
. ,8 apparently healthy pup^e. 

1 deformed pupa. 

7 yellow cocoons of Meteorus hyphantfice. 
3 dead pupae, killed by fungus oir otherwise. 
104 dead caterpillars, killed by fungus or otherwise. 

2 cocoons containing Tachina larvae. 

^; 125^ : " ; : - - : 

In the earth of the jar were found 28 pupge of Tachina flies, leav- 
ing 76 caterpillars and 3 pupae killed by fungus, or 63 per cent. 

In both experiments it has been assumed that each Tachina fly had 
killed one caterpillar. 

On November 15, 1886, the jars were again investigated and it was 
found that a number of the pupse had been killed by the fungus since 
October 18, 1886, and that in fact all the remaining on.es appeared 
diseased. The percentage of death by the fungus in the two experi 
ments was thus increased to 63 per cent, in Experiment I and to 67 
per cent in Experiment 11, 
34 AG— 86 ; 
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TRUE PARASITES OF THE WEB-WORM. 

Up to the present time no parasites of tMs insect have ever been re- 
corded, OnAngnst 18, 1883, we bred a number of egg-parasites from a 
batch, of eggs found upon a willow leaf at Washington, but unfortu- 
nately no description was made of them at the time, and, as they be- 
longed to the soft-bodied genus 2^r^GAogramma, the specimens liave 
now become so much shriveled and altered that they areunht for de- 
scriptive purposes. We noticed after our return from Europe in Sep- 
tember of this year that, at a number of points in New England, the 
worms were quite commonly attacked by parasites, and careful in- 
vestigation at Washington by Mr. Lugger showed the presence of no 
less than five distinct species of primary parasites in addition to the 
Trichograinma just mentioned. These will be considered in some 
detail. The first was a new egg-parasite, which we have named Tele- 
nomus bifidus; the others were all parasitic on the larv^, and con- 
sisted of a Braconid (Jf(gfeortiS Jiyphantrim n. sp.); a Microgaster 
{Apanteles liyphantrim, n. sp.); an Ophionid {Limneria p^GilUpes 
Prov.), and a Tachinid, which, though probably new, we shall not 
attempt to describe. These last four have been mentioned in about 
the order of ; their relative abundance and consequent importance. 
An astonishing number of Web- worms were killed by the four para- 
sites, and so many died from this cause and from the fungus disease 
previously mentioned as to fully warrant the prediction of . almost 
complete immunity for the summer of 1887. 

In addition to these parasites found last Fall, the note-books of the 
Division show a prior oreeding of another primary parasite, which 
will not be treated in detail here on account of insufficient material. 
It is an external feeder on the larva and belongs to the genus Eu- 
plectrus. It is closely related to platyhypenGe, described by Mr. 
Howard in Bulletin 5 of this Division. 

We have found, however, that three of these primary parasites of 
the Web-worm, viz, the Apanteles, the Limneria, and the Meteorus, 
were killed off at a serious rate late in the season by secondary para- 
sites, most of which belong to the family Chalcididce with the ex- 
ception of three species of the Ichneumonid genus JSemiteles, So 
extensive has been this killing off of the primary parasites by the sec- 
ondary, that were hot the fates of the three classes, viz^ the plant- 
feeder, the primary and the secondary parasites so interwoven, the 
destruction of these beneficial insects might be considered a serious 
matter in dealing with the plant-feeder. 

We have not taken time to determine these secondary parasites 
specifically, but give a little table showing the number of species con- 
cerned, mentioning them only by their genera : 

: . ■ SECONDARY PARASITES. . ~. - 

On Apanteles: ' 
1. Hemiteles sp. 

0. Eiipelmus&p. 

4, Panstenon ^-p. ; - 

5. Cirrospihis Bp ; - /; . V . . V . . - . \ \ - - ' - 

6. Pteroinalus sp, 

7 , Pteromalus Bp, 
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Oil Meteorushyphantrimi ^^^^^ _ 

1, Hemiieles spy 1 on Apanieles), v 

2, SpilochalGis BV* : " . 
d\ Hemiteles utw^ 

^,PteromalusB 
On LiMneriapaUipes FvoY,: 

- h Mupelmus B-p, 3 on Apanteles), - 
2. Tetrastichus sp. 

3: Pteromalus sp, 6 on Apanteles). 

4. Pteromahis sp. (= 7 on Apanteles), 

5. Elaamus Bp. (= 2 on Apanteles), 

; The Tblenomus Egg-parasite.-^A single egg of H. cunea is a 
very small afflair, yet it is large enongli to be a world for tius little 
pai-asite/ wliicli undergoes all its transformations witliin it, and 
finds tliere all tlie food and lodgment required for tlie sliort period 
of itslife. In several instances batGhes of eggs of this motli were 
parasitizedj and instead of producing yonng caterpillars tliey brought 
xortli tbe tiny insects of tMs species. The batches of parasitised 
eggs were -found- July 27 upon the leaves of Sunflower. Judg^ 
ing from this date, it was the second brood of moths which had de- 
posited them. There can be no doubt, however, that eggs produced 
by moths emerging from their cocoons in early spring had been para- 
sitized as well. The female Telenomus wsis sdso observed August 
2, busily engaged in forcing its ovipositor into the eggs and ovipos- 
iting therein. The female insect is so very intent upon its work that 
it is not easily disturbed, and one can pluck a leaf and apply a lens 
without scaring it away. The eggs soon hatch inside the large egg 
of the moth, and the larvae produced soon consume the contents. 
This egg-parasite is a very useful friend, nipping the evil in the bud, 
sptospeak. V 
This parasite is new, and may be characterized as follows : 

_ Telenomus BiFiDtJS n. sp. ^ $ .—Average iengtli, 0.7^^^ i average expanse, 1.7™»i. 
Color of body, black throngh out. Head three timBS as broad as long when seen from 
above; face^ especially in the middlej lustrous and without sculpture; vertex polislied 
andr without a carina behind lateral ocelli; antennae black, except bulla, v^hich is 
honey-yellow, 11-joiiated, joints 2 and 3 subequal in length. Thorax .• Mesonotum 
very delicately punotulate and furnished with a moderately dense, fine, whitish 
pile; no parapsidal sutures; legs yellow, except coxae, femora, and last joints of all 
tarsi, which are black or blackish; tibial spur of front legs bifid when seen under a 
high power, and corresponding first tarsal joint furnished with a fine and strong 
comb of bristles ; fore wings w^ith 11 costal bristles and with 3 cells visible in stigmal 
club. ^Mo/Beti with the second segment striate only at base. 

Described from 5 2 , 2S , bred July 27, 1886, from eggs of Hyphantrid cunea col- 
lected in the District of Columbia. 

This Species belongs nearest to T, phalcenaHim Kees, of Europe, 
which has been bred from the eggs of PGr^?ie,?m chrysor^^hea by 
Wachtl, from eggs oi Panolis piniperda by Kordlinger, and from 
eggs of an unknown J^'octuid on the leaves of ^senilis MppocMs tmnim 
by Mayr, (See Mayr, ' ' Ueber lUe Schhipfwespengathmg Teleno- 
;m'i^5'' Verb. d. k.-k. zooL Ges., men, 1879,^^p 

The Meteorus Parasite OF THE (Plate X, %. 4.)— 

This parasite has performed very good service during the caterpillar 
plague, and has done mucli to check any further increase of the Web- 
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worm. During the earlier part of the summer this insect was not very 
numerous, "but sufficient proofs in form of empty cocoons were ob- 
served to indicate at least one earlier brood. Towards the end of Sep- 
tember, and as late as the 15th of October, very numerous cocoons of 
a second brood were formed; they could be found in all situations to 
which the caterpillar itself had access. But the great majority of 
them were suspended from the trunks* and branches of trees, and 
chiefly from near the base of the trunk. Each represents the death 
of one nearly full-grown caterpillar, since the latter harbors but one 
larva of the parasite, A careful Watch was kept to see how such 
a suspended cocoon was formed, but in vain. Once a larva had just 
started to make a cocoon, but became detached, and dropped out of 
the orifice and commenced a neAV one. The larva, suspended by the 
mandibles, evidently spins at first loose, irregular, horizontal loops 
around its body, until a loose cradle is formed. The silk secreted for 
this purpose hardens very rapidly when exposed to the air. When 
secure inside this cradle it lets go its hold with the mandibles, and 
finishes the soft inside cocoon in the usual manner. If the larva has 
dropped to the ground, it still makes an outer loose cocoon, but the 
silken threads are thicker and much more irregular. In cocoons 
made during a high wind, the threads that suspend them are much 
longer, reaching sometimes the length of 4 inches; the more normal 
length varies from li to 2 inches. . 

^ To find out the length of; time which this insect occupies in matur- 
ing inside the cocoon 44 freshly made cocoons were put in a glass jar. 
With remarkable regularity, but ten days were consumed by the in- 
sect in changing from the larval to the winged form. The winged 
Meteorus issues through a jjerfectly round hole at the lower end of 
the cocoon by gnawing off and detaching a snugly fitting cap. The , 
several secondary parasites of the Meteomis which we have m^en- 
tioned all leave the cocoon of their host by smaller holes cut through 
the sides. Most of the adult Meteorus had issued by the 1st of Ko- 
vember| but it is possible that some may remain in their cocoons until 
spring. - / ' \ ~ 

In order to obtain the proportion between the Meteorus raised from, 
cocoons and its parasites (i. e., secondary parasites of Hyphantria), 
450 cocoons were confined in a glass jar the latter part of September 
Up to the first week in JTovember only 70 specimen^ were bred from 
these cocoons, the rest giving out secondary parasites, which con- 
tinued to issue up to date of writing (December 20, 1886). Thus only 
16 per cent, of the cocoons produced the primary, while 84 per cent, 
produced secondary parasites. The insect is new, and we submit the 
following description:-^ 

Meteorus hyphantria n. sp, — 9 . JCjength, 5"^^ ; expanse, 11"^™. Comes nearest 
to Meteomis cortim^oinis Cress, , being, however, a larger species. Its cocoons are also 
larger and of a darker yellow-brown in color. General color, honey-yellow. The 
irregular reticulation of the metanotum shows less tendency to arrange itself in 
longitudinal carinae, particularly into one median and two sublateral. The fine longi- 
tudinal inipressed aGiculations of the first abdominal segment are nearly parallel in 
hyphantrioi, while in communis the middle ones converge strongly towards the 
center behind. The general color is, as in communis^ yellowish-ferruginous or honey- 
yellow. In general, hypha7itrice ixas more dark markings than communis. The 
antennas are dusky at tip; the mandibfes are brown at tip; the mesoscutum has two 
nearly black patches at sides and often a dusky stripe down middle; the metanotum 
is usually entirely dark, as is also the first joint of the abdomen above ; the rest of 
the abdomen has two larger or smaller dark spots on each side; the sheaths of the 



* In one instance only, the cocoon of this parasite was found inside that of its host. 
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OTipositor are dark, especially at base, and the ovipositor itself is lionev-yellow; the 
legs are all honey-yellow except the tips of the hind tibisB, which are dark. 

^ .—Resembles the female, with the usual strnctuml differences. Varies consid- 
erably in color, some specimens being almost immaculate, while others are marked 
like the female. Wing venation in both sexes varies in no way from that of com- 
munis, and but slightly from that in other species of the genus; in that the second 
submarginal cell is subquadrate , broadening slightly posteriorly, and in the first trans- 
verse cubital nervure being confluent with the^ recurrent nervure. 

Described from 18 2,9c? specimens, all bred in District of Columbia from cocoons 
collected near remains of larvse of Hyphantria cunea. 

The MiGROGASTER Paeasite^^^^^o insect 
was about as niimerons as the Met eorus, and did equally good serv- 
ice in preventing a fiirtlier increase of the caterpillars. It appeared 
somewhat earlier in the season, and had killed only half -grown cater- ; 
pillars. From the numerous old and empty cocoons in early summer 
it was plainly seen that a first brood had been quite numerous, and 
that from these cocoons mainlj ApoMteles had been bred, and not, as 
during the autumn, mostly secondary parasites. The white silky- 
cocoon is formed almost under the middle of a half-grown caterpil- 
lar, and is fastened securely to the object its host happened to rest 
upon^ and but slightly to the host itself, which is readily carried to 
the ground by wind and rain, and can therefore only be in position 
in the more sheltered places, such as cracks and fissures of the bark 
of trees. But one Apanteles is found in a caterpillar, so that each ; 
white cocoon indicates, like a tombstone, the death of a, victim. In 
some places, and notably upon the trunks of poplars, these cocoons 
were so numerous as to attract attention; it seemed as if the trunk 
had been sprinkled with whitewash. But notwithstanding such vast 
numbers, but two specimens of the architects of these neat cocoons; 
were raised; all the rest had been parasitized by secondary parasites. 
It is barely possible, however, that some specimens may hibernate in 
their cocoons, since numbers of them have as yet (December 20, 1886) 
not revealed any insects. The winged Apanteles leaves the cocoon 
by a perfectly round orifice in the front, b^^ cutting off a little lid, 
which falls to the ground. Its parasites, however, IcELve by small : 
holes cut through the sides. These secondary parasites were very 
common late in September and early in October, and busily engaged 
in inserting their ovij)ositors through the tough cocoon into their 
victim within. It seems as if the cocoons formed early in the season 
were on an average a little smaller than those formed later. 

The cocoons: of this ^^t7.^ are of a uniform white color, but ex- 
ceptionally a distinctly yellowish cocoon is found. From these yel- 
low cocoons nothing has so far been bred, but since, as we have else- 
where shown,"^ the color of the cocoon may vary in the same species, 
it is probable that the variation here referred to is not specific. 

KTot qiiite one-half of 1 per cent of these cocoons produced the in- 
sect belonging to it; 99 per cent produced secondary parasites. 

Apanteles hyphantria, n. sp,--$ . Length, 3"^"^. Close to Apanteles xylina. 
Bay, with which it may be compared. Differs as follows : Mesonotum without the 
faint median carina or polished posterior margin; scutellnm not polished; first 
abdominal segment about as broad as long, with a quite distinct median carina, the 
apex of which is polished, and its posterior margin broadly bilobed. In A. xylina 
the first abdominal segment is rather slender, and longer than wide, without dis- 
tinct carina and with the apex almost straight. A quite distinct carina on the sec- 
ond segment, wanting in xylina. Third abdominal segment coarsely pitted at base, 



* Notes on North American Microgasters, &c., Trans. Saint Louis Acad. Sciences, 
vol. 4, author's separate copy, p. 7. 
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the I'est quite distinctly shagreened; in xylina the basal punctuation is less pro- 
nounced and the rest of the segment smooth. AH ooxee black (in xylina the apical 
half of lower edge of posterior cox^ is reddi&h); the first joint of metatarsi per- 
ceptiblY stouter than the other joints (almost like the other joints in xylina). Cocoon 
white and single (in a-^^i/ia the cocoons are enclosed in wooiy masses). 
Desoribed from two 9 specimens. 

The Limnbria Parasite of th&Web-worm.^^^ addition to the 
two Hymenopteroiis parasites treated of, a third one lias been ver}^ 
numerous, and has done much good in reducing the numbers of cat- 
erpillars. This^ an Ichneumonid^ and a much larger insect, does not 
form an exposed cocoon like that of the other parasites described. 
Yet a little attention will soon reveal large numbers of them. Upon 
the trunks of Tarious trees/ but chiefly , upon those of the Poplar 
and Sugar Maple, small colonies of caterpillars, varying in number 
from 4 to 3.2/ could be observed, which did not show any signs of life* 
When remx3ved from the tree they appeared contracted, all of the 
same size, and pale or almost white. A closer inspection would re- 
veal the fact that the posterior portion of the caterpillar had shrunken 
away to almost nothing, whilst the rest was somewhat inflated, and 
covered with an unchanged, but bleached skin, retaining all the hairs 

: in their normal position. Opening one of these inflated skins, a long^ 
cylindrical, brown cocoqn would be exposed; this is the cocoon of the 

. Limneria under consideration. As numbers of such inflated skins 
would always occur together, it was clearly seen that the same parent 
iimneria had oviposited in all of them. Most of the cocoons were 
found in depressions of the rough bark, or other protected places. 
Single ones were but rarely met with. The Hyphantria larvae in dy- 
ing, had very securely fastened all their legs into the crevices of the 
bark, .so that neither wind nor rain could easily dislodge the Only 
half-grown caterpillars had thus been killed. Many of these inflated 
skins showed in the early part of October a large hole of exit in their 
posterior and dorsal ends, from which the Ichneumons had escaped. 
Trying to obtain winged specimens of this parasite, 140 of these co- 
coons— and only such as were not perforated in any way—were col- 
lected and put in a glass jar. Only a single female was produced 
from all up to time of writing, whilst very large numbers of second- 
ary parasites issued from GctolDer ll to November 20, and doubtless 
others will appear during the spring of 1887, because some of these 
inflated skins show as yet no holes of exit. 

This parasite is^ according to Mr. Cresson, unnamed in the Phila- 
delphia eollectiaii, _and, after close study of all accessible descriptions, 
we Jiave decided that it should be placed, temporarily at least, with 
Provancher's Limneria pallipes. The specimens which we have 
bred correspond with his variety^ in which the four anterior femora 
are pale red. The species is not unlike X. lopliyri Riley, which we 
described in our Ninth Missouri Entomological Report from a large 
serien of specimens bred from the larvse of Abbott's White Pine 
y^oTm {Lophyriis abbottii)^ but is smaller and has certain colora- 
tional differences. 

The Tachina Parasite op the Web-worm.— The parasites of H, 
textor described so far belong to the order Hymenoptera, which fur- 
nishes the greatest number of them; but the fly now to be treated is 
fully as useful as any of the others. We have not named and de- 
scribed this species, on account of the fact that the family to which 
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it belongs has not been worked up and because the characters are not 
well nnderstood. v : : : 

Taohina flies are Tery easily overlooked,^ because tliey resemble 
large house-flies both in appearance and flight, and their presence 
out of doors is not usually notieed on that account. Yet they play 
a very important role/ living as they do in their larval state entirely 
in insects. During the caterpillar plague such flies were often seen 
to dart repeatedly at an intended victim, buzz about it, and quickly 
disappear. If the caterpillar thus attacked was investigated, from 1 
to 4 yellowish- white, ovoid, polished, and tough eggs would be found 
usually fastened upon its neck, or on some spot where they could 
not readily be removed. These eggs are glued so tightly to the skin 
of the caterpillar that they cannot easily be removed. Sometimes as 
many as ^ eggs Gould be counted upon a #ingie caterpillar, show- 
ing a faulty instinct of the fly or flies, because the victim is not large 
enough to furnish food for so many voracious maggots. If the vic- 
tim happens to be near a molt, it casts its skin with the eggs, and es- 
capes a ^ow but sure death. But iisually the eggs hatch so soon, that 
the small maggots have time to enter the body of the caterpillar, 
where they soon reach their f till gro-wfch, after which they force their 
way through the skin and drop to the ground, into which they enter^ 
to shrink into a brown, tunlike object (known technically as the co- 
arctate pupa), which contains the true pupa. The caterpillar, tor- 
mented by enemies feeding within it, stops feeding, and Wanders 
about for a long time until it dies, As a rule, not more than two 
maggots of this fly mature in their host, and generally but one. The 
caterpillar attacked by a Tachina fly is always either fully grown or 
nearly so. 

Tachina flies abounded during the whole term of the prevalence 
of the caterpillars, but it is impossible to state positively whether 
they were all bred from them or not, since the many species of this 
genus of flies resemble each other so closely, that a very scrutinizing 
investigation would have been necessary to settle such a question. 
But there is no doubt that they were very numerous during the sum- 
mer. Some maggots obtained from caterpillars kept for this pur- 
pose in breeding jars changed to flies in six days, others appeared in 
twenty-three days, and still others, obtained at about the same time, 
are still under ground, where they will hibernate. The maggots of 
these flies do not, however, always enter the ground, as some were 
found inside cocoons made by eaterpillars among rubbish above 
ground. 

-REMEDIES. 

Pruning and Buening.— The old and well-tried remedies of prun- 
ing or burning, or pruning and burning, will answer every purpose 
against this insect in ordinary seasons, where it is thoroughly done 
and over a whole neighborhood. It inust, however^ be done upon the 
first appearance of the webs on the trees, and not, as was done by 
the Parking Commission of this city last season, after the first brood 
of worms had attained their full growth and many had already trans- 
formed to pupge. The nests at that time had assumed large propor- 
tions, and their removal entire injured the appearance of many young 
trees. Then, too, they were piled upon an open wagon, which was 
dragged for many hours around the streets, permitting a large pro- 
portion of the worms to escape. 

On the first appearance of the webs, which should be looked for 
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witli care/ tliey should be cutoff or burned off ; and if cutoff/ttey 
sliould be burned at once. The " tree-pruners-, " manufactured for 
the trade and well known to all gardeners/answer the purpose ad- 
mirably. 

The customary method of burning the nests is by means of rags 
saturated with kerosene or coal tar and fastened to the tip of a long 
pole. An old sponge has been substituted to advantage for the rags, 
but probably the best substitute for this purpose is a piece of porous 
brick. In a pointed communication published in the Evening Star 
of August 21, Major Key, agent of the Humane Society, thus de- 
scribes the making of a "^l3rick-torch:" /'Take apiece of soft brick, 
commonly termed salmon brick, trim it to an egg shape; then take 
two soft wires, cross them over this brick, wrapping them together 
around the opposite sid^so as to firmly secure it; now tie this end to 
a long stick, such as the boys get at the planing-mills, by wrapping 
around it; then soak the brick in coal-oil, light it with a match, and 
you are armed with the best and cheapest weapon known to science. 
Holding this brick torch under the nests of caterpillars will precipi- 
tate to the sidew^ilk aR the worms on one or two trees at least from 
one soaking of the brick, and it can be repeated as often as necessary. 
Then use a broom to roll them under it, and the work will, be done, 
the controversy ended, and the trees saved." 

A little thorough work with a simple torch like this, at the right 
time, will in nearly every case obviate the necessity of the more ex- 
pensive remedies later in the season, when the v/orms of the first 
brood have groAvn larger, or when the second brood has appeared. 

Mulching. —After a bad caterpillar year a little judicious raking 
together of leaves and rubbish around the trunks of trees which have 
been infested, at the time when the worms of the second brood are 
about fuU-growh and before they commence to wander, will result in 
the confinement of a large proportion of the pupse to these limited 
spaces, where, with a little hot water or a match, they can readily be 
destroyed during the winter. Many of the caterpillars of course 
reach the ground by droxDping purposely or falling accidentally from 
the branches, but the great majority descend by the trunk, and find- 
ing the convenient shelter for pupation ready at the foot of the tree, 
go no farther. This has been tested on the Department grounds the 
past season, and is mtotioned as a method of riddance supplementary 
only to others. 

Aesenical, Poisons.— It is seldom, however, that individuals, and 
still more rarely that corporations, can be brought to the iise of reme- 
dies until damage is plain, and when this time comes nothing is bet- 
ter than the application of some one of the arsenical mixtures. We 
have already treated of the methods for applying such mixtures to 
shade trees on a large scale in oilr report as Entomologist to the De- 
partment for 1883, and in Bulletin 0 of this division, in both cases 
in connection with the treatment of the Imported Elm Leaf -beetle 
{G-alerma xanthomelaena). 

The most economical and convenient apx^aratus consists of a large 
barrel, provided with a force-pump and mixer, moiinted on an ordi- 
nary cart. A long hose, a metallic pipe, and a cyclone nozzle, ar- 
ranged for elevation by means of a bamboo j^ole, complete the outfit. 

Detailed descriptions of the apparatus having already appeared in 
the reports just mentioned^ it is unnecesgary to repeat them here. 

A somewhat similar apparatus is used in the California orange 
groves against the Cottony Cushion-gcale, and is illustrated in opera- 
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tion on Plate V. In this case a tank made especially for the purpose 
is mounted in tlie Mgh ■wagon-box and secured by cleats, and sup- 

Sorts a small liose-reel. Tile so-called^- ^ nozzle" (a direct- 

iscbarge nozzle) is used. A feature of tbe illustration is the long, 
portable ladder, which can be handled by one man. Such an appa- 
ratus as this'would be well adapted for use against the Web-worm. 
It could be readily constructed and kept for years by the parking 
authorities of any city liable to the attacks of this, or other leaf -eat- 
ing shade-tree pests. ^ 

In the use of arsenical poisons a number of points were brought 
out by the series of experiments upon the Elm Leaf -beetle which are 
_ important, and which may be briefly adverted to here: 

Certain trees are more susceptible to the corrosive effects of the 
arsenic than others. The 1883 experiments were confined to Elms, 
and we have no reliable data as to the relative susceptibility of other 
shade trees; so that we can simply mention the probability that those 
trees which are most liked by worms are more apt to be affected by 
the poison than trees which are distasteful to the worms. 

: ^^After each rain the poison takes a new effect upon the plant and 
thopest, Yfhich indicates that the poison is absorbed more or is more 
active when wet, and that it acts by dehydrating thereafter. Where 
the tree is too strongly poisoned each rain causes a new lot of leaves 
to become discolored by the poison or to fall. On some of the trees 
the discoloration appears in brown dead blotches on the foliage, 
chiefly about the gnawed places and margins, while in other instances 
many of the leaves turn yellow, and others fall without change of 
color. * * 

// The poison not only produces the local effects from contact with 
the parts touched by it, but following this there appears a more gen- 
eral effect, manifested in that all the foliage appears to lose, to some 
extent, its freshness and vitality. This secondary influence is proba- 
bly froih poisoning of the sap in a moderate degree. When this is 
once observable no leaf-eater thrives upon the foliage. Slight over- 
poisoning seems to have a tonic or invigorating effect on the trees." 

In the case of the Elm Leaf -beetle it was found that a preventive 
application of the poisoii was valuable. It was made while the eggs 
were being deposited and before the young larvse were hatched, in 
order to prevent the worms from getting a start. It had the addi- 
tional advantage of injuring the tree less than when applied later in 
the season, as the caustic effect of the poison is greater when it comes 
in contact with the sap at the gnawed edges and surfaces of the 
leaves. - 

It was found advisable in 1883 to mix a certain amount of flour 
with the Paris green or London purple iised, in order to render the 
mixture adhesive to the leaves. Three quarts of flour were used to 
the barrel (40 gallons) of water. Where London purple was used it 
was noted that the minimum amount per barrel of water was one- 
fourth of a pound and the maximum three-fourths of a pound. Less 
than the minimum did not kill the larv8B and more than the maxi- 
mum injured the foliage. Three-eigM of a 23ound was recom- 
mended. With Paris green the quantity was somewhat greater, 
ranging from a minimum of one-half of a pound to a maximum of 
one pound. 

In mixing the poison, flour and water, a large galvanized iron fun- 
neh of thirteen quarts capacity, having a cross septum of fine wire 
gauze, and having also vertical sides and a rim to keep it from rock- 
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XBg on tiie barrelj was used; Th^ placed in the funnel 

and washed throtLgh tho wire gmme with water. This cansed it to 
diffuse in tlie water without forming in kimpB. The same process 
was followed with the London purple or the Paris green, according 
to which substance was to he used. 

London purple has the advantage over Paris green m cheapness, 
better diffusibility, and yisibility upon the foliage, and experience 
showed that the green seemed to injur the foliage more than the 
purple. 

It was noticed with the Elm Leaf -beetle that the effect of a poison- 
ing was slow in appearing 5 good effects are not expected before the 
third or fourth day. Impatience which would lead to a repoisoning 
on the second or third day would be apt to result in the burning and 
fall of the leaves. ; 

Emulsions of Kerosene.— Vv'e have had occasion for the last few 
years to many times recommend the use of emulsions of kerosene 
against different injurious insects. We need not repeat the advan- 
tages of these preparations liere^ but simply state tlmt when the Web- 
worms are abundant/a thorough spraying with a dilute emulsion 
will doubtless destroy the majority of them. On account of our 
absence last summer no experiments were made upon the effect of 
applying such an emulsion upon the foliage of the commoner shade 
trees, but the result of experiments detailed in Bulletin No. 11 of the 
Division would augur the destruction of the worms. These experi- 
ments (made by Mr. Webster at La Eayette, Ind.) were not performed 
upon this species, liowever, but upon the somewhat similar larvse of 
Pier is rapm and Batanaminisb^a. Colonel BqwIqs, as. we shall 
soon show, rejected the emulsion of soap and kerosene as not effective 
against the worms when reduced so as not to injure the plants; but, 
as he has not given us the details of the experiments, we still con- 
sider the matter open to proof . The formulge for several emulsions 
are given in the article on the Cottony Cushion-scale {leerya pur- 
chasi). One of the most serviceable is that which we call the '' Hub- 
bard formula/^ and which was used most extensively by Mr, Hub- 
bard in his work on the scale insects of the Orange, and which has 
been repeatedly given in the publications; o 

Naphtha. --Some experiments w^^ the height of 

the Web-worm seasonby Col, John Bowles, of Washington, which pos- 
sess a certain interest on account of the substa^nce used and on account 
of the manner of its application. It is, however, more expensive 
than the arsenical poisons and the kerosene emulsions, and the spray 
from the atomizer is not so far-reaching as from the force-pump and 
cyclone nozzle. We append Golonel Bowles's condensed accoimt of 
his experiments, with the remark that the experiments with the oil 
doubtless failed of satisfactory results because of imperfect emulsify- 
ing and application: 

In accordance with your request. I send herewith a concise statement of experi- 
ments made by myself in exterminating caterpillars, web- worms, &o. , which destroy 
the beautiful foliage of our shade trees. 

My experiment commenced with an effort to save the ghrubbery of my yard and 
garden from the rapacious cateri)illars that seem almost to germinate in the poplar 
treesVone of which stood in our front yard. After denuding this tree and literally 
raising an army of conquest and invasion, they broke camp and set forth as a huge 
foraging party, consuming everything in their way, save the rough bark of the trees 
and the f ences. 

I opposed them first with kerosene oil, which was equally fatal to the plants and 
Worms. 
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Then a simple emulsion of soap in proportion of 1 to 4 was made with the oil and 
finally abandoned, not being effective against the worms when reduced so as not to 
injure the plants. 

Lighter oils of the same character were resorted to and applied with a spray. This 
killed the vermin, yet injured the plant. }Still lighter oils were used, but, when 
sprayed on, the foliage was materially injured. A vaporizer by means of compressed 
air was substituted for the spray, and with use of very light oil or naptha, known in 
commerce as 88, in half a second froze the worm and plant alike, with this differ- 
ence, that in ten or fifteen minutes the vermin revived, but the tender leaves and 
twigs wilted and turned black as though struck by Jack Frost in January. 
. The grade of oil was reduced until the proper gravity of, say, 77 was found to kill 
the Vermin and still leave the plant essentially unliarmed. 

The mechanical devices for vaporizing the oil and applying it to the upper branches 
of trees and shrubbery alike, as demonstrated to the Gommissioners of the District 
some, time since, and to which you kindly refer, have been since perfected, and so 
reduced in cost as to make the management easy by any common day laborer and 
the whole cost within the reach of all interested, whilst the oil costs less than 10 
cents per gallon* 

- ^ V JOmT WOEMa 

Order Hymenoptbra; Family Chalcidii)^. 

THE COMMON JOINT WORM.; 

(li?osoma Jior(i6 vHarr.) 

, -This old and well^ past few years been 

increasing in numbers ancl importance in certain sections of tlie conn- 
try. wMle for a number of years iDrevionsly it bad been almost lost 
signt of/ Since 1881 its -w-ork lias been quite noticeable in portions 
of Louisa,^ Albemarle, Goochland, Orange, and Fluvanna Counties, 
Virginia, or, in other words, in just the locality where it was observed 
and studied thirty-five years ago by F/ G. Ruffin, Professor Cabell, 
and Mr. Rives. Through the courtesy^ of Mr. F. O. Brooke, of Cuckoo, 
Louisa County, we have been kept informed of the progress of the 
pest and have been supplied with specimens from time to time. 

in June, 1885, wishing to learn definitely the state of affairs in this 
section, and more particularly on Mr; Brooke's farm, we sent one of our 
assistants, Mn Pergande, accompanied by Mr. A. Stewart, a. member 
of the Entomological Society of Washington, to Cuckoo to make a 
few days' observations. The reports made by these gentlemen showed 
that the damage done to the wheat crop by this and other wheat in- 
sects was very great. Mr Brooke's crop for 1884 averaged less than 
5 bushels to the acre, which did not pay expenses. 

The Joint Worm was not alone concerned in accomxDlishing this 
result, although an important factor. The Hessian Fly { Oecidomyia 
desfrac^or), the Wheat tritici)^ the Wheat Isosoma 

[Isosoma UHtic^^^^^ Tarnished Plant-bug lineolaris), and 

quite a number of other hemipterous insects were present in force, 
and almost every straw had been injured by one or more of these 
species. In the portions of the field most injured the plants were 
" of ten scarcely a foot in height, few in number, and many were bent 
near the ground, so that frequejatly six^ eight out of a bunch of 
twelve were prostrate; The ears vof these straws were, however, bet- 
ter developed and fuller of sound CTain than those which stood erect. 
On examination the prostrate stalks were foimd to be badly infested 
by Joint Worms above the first or second joint, but almost entirely 
free from Hessian Fly and Wheat Midge, while the standing stalks 
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frequently had both of the others in addition to Isosma tritici and 
L liordei. Of all these the Wheat Midge undoubtedly did the great- 
est and most direct damage, and many ears were found .white and 
blasted from its work. In th^ most flourishing parts of the fieldj . 
where the stalks were green and 4 feet high, the Joint Worm was 
also found, although not in such numbers as before. 

The lavY^ ol lsosoina tritici w found in the same stalk 

with J. /lordei, often boring just alongside of the galls of the latter. 
L feordeij lioweYer^ were quite uniformly found just above the first 
or second joint, and in such position that the cutting of the grain 
would not disturb them, while /. tritici was found in all parts of the 
stalk from near the ground to above the upper joint. 

In spite of the great abundance _of the Joint Worms at this time 
they were less numerous than in 1884, and in 1886 they were still 
more reduced in numbers, owing, in great measure, to the prevalence 
of Chalcid parasites in 1885. The most abundant of these was &mi- 
otellus cKalcidiphagus Wal^^ which were found in 

nearly every swelling examined. The larvse of Eiipelmus allynii 
(French) were also found, but in smaller numbers, 

A study of the comparative injury done by the four principal in- 
sects found in this field would rank thera in the following order: 
Diplosis tritici, Gecidomyia destructor y lsosoma tritici, Isosojna 
hordei, yet J. hordei alone had been complained of. 

In parts of Ohio, too, the Joint Worm has been abundant. Mr. 
Elliot Luse, of Barry, Cuyahoga County, writing under date of May 
4, 1885, complained that the previous Fall, while threshing, bits of 
hard straw trom half an inch to three inches in length would come 
through with the wheat. When cleaned with a hand-mill he would 
get a bushel of these bits to 20 bushels of grain. The real nature of 
the small pieces was not discovered, by Mr. Luse until spring, when, 
after feeding stock with chopped straw and ground feed and making 
them sick, the straw was examined and the insects found and sent to 
us for determination. 

This case formed the text for an article which we wrote for the 
Burat Ne 1885 (vol. 44, p. 418), in which we 

pointed out the necessity of cleaning with a hand-mill all wheat 
thrashed with a steam-thrasher from infested straw, and of burning 
not only the galls thus separated, but also the straw itself, as its loss 
can be well afforded to lessen the injury the ensuing year. 

Specimens were also received from Chagrin Falls, a few miles south 
from Barry, in October, 1885, from Miss E. J. Phillips, who stated 
that the wheat straw had been badly infested in that vicinity for two 
years past, but that the yield did not seem to have been affected, as 
she knew of several fi^elds which yielded 30 and 33 bushels per acre, 
and which were at the samei time badl^ infested. The only trouble 
was that the little pieces of straw came th the separator with 

the wheat. 

In Central New York the Joint Worm has also done some damage, 
as we learn from correspondence with Dr. Lintner, the State ento- 
mologist. Here, as in Ohio, the worms were often found higher in 
the stalk than was customary in /Virginia. In Ohio this is shown 
by the fact that so many galls were found in the harvested straw, 
while Dr. Lintner writes us that his correspondent informed him that 
the worms were found "in every joint. From this he argued that 
it might be Isosoma tritici, instead, of I. hordei, l>ut its identity 
with the latter species was settled by breeding the adults at the De- 
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partment f rom straws received from Dr. Lintner, who has referred 
to tMs matter publicly Gentleman, vol. 49, p. 857.* 

In MicMgan tlie same insect appeared in 1884, working in tiie same 
way. In the Eural New Toi^ker ioY Ms>j d, 1885 (vol. 44, p. 314), 
Prof. A. J. Gook described it in all stages at some lengtli under the 
name of ' ' The Black Wheat-stalk Isosoma"( J5050?;ia nigra w, n. sp.). 
He stated that he had received it from Wayne and Washtenaw Gonn- 
ties, and that at a "farmers' institute" held at Plymouth, Wayne 
County, in January, he found hardly a farmer who had not been 
vexed by the small pieces of straw, but that not one had discovered 
the cause. ' / 

On the appearance of Professor Gook- s article we wrote to him for 
specimens, strongly suspecting that his new species would turn out 
to be the Common Joint Worm. He kindly complied with our re- 
quest, and our susTucions were at once verified, and, as stated in our 
article in the Bur al New Torker {loc. cit ), they proved to be well- 
marked examples of Fitch's tritici form of L hordei. Professor 
Cook is still, we believe, inclined to insist that his species is a good 
one, but without going into the details of our rather extensive cor- 
respondence with him in this matter, we reassert the correctness of 
our conclusion and pronounce, the M^^ insect to be J. hordei, ] 

In conclusion we may extract a few facts from our notes bearing 
on the dates of transformations and the prevalence and habits of the 
parasites: - 

December 9, 1884.---Eight straws which were received from Louisa 
County, Virginia, July 30, were examined, with the following result: 
No. 1. Two parasites had issued, and the straw still contained three 
pupae of Isosoma and seven larvae of a Chalcid parasite. ]^o> 2. - 
Five parasites had issued, and seven parasitic larvae still remained. 
Ifo. 3. Ten parasites had issued, and one pupa of Isosoma; one liv- 
ing and three dead larvge of the parasite remained. No. 4. Two 
parasites had issued, and six pupae of Isosoma, and one parasitic 
larva. No. 5. One parasite had issued, and three Isosoma pupae and 
four parasitic larvae remained. N^ had issued, and 

three pupae of Isosoma and two parasitic larvae remained. No. 7. 
Contamed four Isosoma pupsB and three parasitic larvae. No. 8. 
Five Isosoma pupae and five parasitic ^^1^^^ Isosoma was found 
only in the pupa state. 

^ On December 17 the adult Isosomas began to issue, and they con- 
tinued to appear in small numbers through January, February, 
March, and April, issuing most abundantly the first week in May. 
On May 28 straws were received from Louisa County which eon- 
tained eggs nearly ready to hatch. 

The breeding of 1885-86 was very similar to this, and indicates that 
the periods mentioned are about normal. The adults of both sexes 



* In the American Agriculturist for December, 1884, vol. 43, p. 531, what is evi- 
dently the same insect is treated as having been received from " Central New York," 
and wliich is there determined as Isosoma tritici, a reproduction of our figure of that 
species being also given. 

f Prof essor Cook later republished the bulk of his first article on the subject as 
an original contributioii to the American Naturalist for September, 1885 (pp. 804- 
808). Here he seems to be in some doubt as to the validity of his species and ex- 
presses the opinion that it will take time to *' clear all this up," and says : ''As spe- 
cies are only venerable varieties which by age have been run into the mold of varia- 
bility, it really makes no great difference. Practically the matter remains the same 
in either case." Such reasoning would justify unlimited species-making from any 
one specA3S known to be quite variable. 
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began to issne in numbers from Virginia straws December 19. De- 
cember 31 another large lot issued, as also on January Jannary 8/ 
and February 1. 

From our breedings it becomes ^ doubtful whetber the principal 
parasite of tbe Joint Worm {Semiotellus chalcidiphagus, Wajlsh) 
has one or two amiual generations, A few specimens were swept in_ 
tlie field by Messrs. Pergande and Stewart as early as June 13, while 
in the Department breeding- jars they issued in large numbers through 
July and on until August 22. Then no more were noticed until Oc- 
tober IG, when a number were found in the jars. * During the winter 
straws cut open showed the presence of many of these parasites still 
in the laryal state. April 9 a large number issued, and none after 
this date. 

From these facts it seems that this species winters both in the adult 
state and as laryse .in the straws, the latter issuing in early spring. 
They undoubtedly oviposit in growing grain infested with Isosoma 
in the spring,- and some individuals develop and issue in July and 
August, while others winter in the straw and stubble as larvae. What 
becomes of the adults which issue so early in the season we can only 
surmise. It is after harvest when they appear, and to parasitize 
Joint Worm iarv^ they would have to pierce the hard stubble or 
work their way into their own holes of exit or into the cut ends of 
the stubble; not a very likely proceeding. These early individuals 
may oviposit in some other host, or they may live and hibernate 
without ovipositing before spring.^ 

Theconimcm Eupelmus allynii {Wreiich) is also, as we have else- 
where stated,! a parasite of Jso^oma liordei, as well as of Isosoma 
tritici m\di Hessian Fly (Cecidom^m destructor). From the 
Joint Worm it has also been bred from Virginia specimens, and on " 
three dates, viz, August 22, 1884, October 11, 1884, and April 9, 1885. 
Although a considerable number issued on each of these dates, it 
appears to be only about one-tenth as numerous as the Semiotellus, 



THE WHEAT^TRAW ISOSOMA. 

(Isosoma tritici^l'Rilej,) 

In our annual report for 1884, in describing the larger Wheat-straw 
Isosoma, we called attention (p. 358) to the possible relationship be- 
tween this species and J. tritici in the following words: 

It may be here stated as an interesting fact tlmt of the specimens 
so far reared both of tritici and grande, all are females, and whether 
or not there is any dimorphic relationship betv/een these two forms 
is a question which future observations alone can decide. The prob- 
abilities are. however, that there is no connection between them, for, 

There is a possibility that some of these issued several days jirior to this date. 

t On the Parasites of the Hessian Fly, by C. V, ililey, Ph. D,, Proceedings^ of the 
U. S. National Museum, 1885, j)p, 413-422. 

i As the object of this article is to show that the two species which we have de- 
scribed as Isosoma tritici and 1. grande are in reality but seasonal dimorphic forms 
of one and the same species, it may be well to state that we retain the species name 
V'Mtici'' as having priority, and because it represemts the bisexual form of the 
species. We retain this name in preference to f/mncfe" because, hi addition to 
these reasons, it is an eminently approindate name, and, as we have previously 
shown^ Fitch's l/^^.?^^/^oma tritiei m but a variety of Ismonm hordei, and cnnnot even 
be looked upon as entitled to a varietal name, since there is no coii;.auicy in the 
characters upon which it is based. 
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on the assnmption that they represent alternate generations, we 
should expect the one or the other to comprise hoth sexes. " 

The history of onr experiments vwith the two forms, in order to as- 
certain whether or not the relationship snggested in the above para-- 
graph has any real existence, is^^b^^ 

Grande WBt^ first found by Mr. Webster in the snmmer of 1884, 
He observed it, and indeed bred it, early in June in Illinois, and on 
June 6 found females ovipositing in wheat at Oxford^ Ind. On the 
7th he found a pupa and a fully developed adult in wheat-stalks. 
The adults continued abundant until the 18th, when they began to 
decrease in numbers, and the last one was noticed June 27, A num- 
ber of the straws in which these females were observed to oviposit in 

* the field were sent to the Department, and a number were retained by 
Mr. Webster himself. From the straws sent to the Department 
ir#tci issued very abundantly in January and February, 1885. With 
Mr. Webster two premature individuals issued in October, 1884, and 
others issuedinDecember, 1884, and Janiiary, and February, 1885; but 
all attempts to^ induce o viposition proved failures. No specimens of 
grande msL&Q their appearance. From straws left outdoors tritici 
issued in March and April, and again no specimens of gra7ide wbtq 
seen, although the straws were cut open and thoroughly examined. 
This predisposed us to the conclusion that tritici had developed 

-: from eggs laid by gra?^de, and aM^ none of the specimens of 
tritici thus bred could be induced to oviposit in confinement, the 
hypothesis of an alternation of the two forms thus received strong 
support. 

_ On the 2d of June, 1885, grande was once more observed in con- 
siderable numbers in a wheat plot, and examination showed this form 
present in nearly all stages of growth in the stalks. On August 12/ 
1885, stalks were isolated, in which grande alone were observed to 
ovippsit, and from ihese tritici began to issue at Washington Jan- 
uary 7, 1886, and continued to issue on the following dates: January 
15, 20, 21, 22, 23, 26, 27, and February 3, 4, 6; and 8, 1886. These all re- 
fused to oviposit, as was the case the previous winter. Mr. Vfebster 
was sent South the first of March on another investigation, and on his 
return to La Fayette in April found a limited number of tritici, which 
had emerged much later (probably during the latter part of March), 
stiU alive in his breeding-cages. 

These specimens he at once transferred, as he states in his report, 
on the 12th of April, to young wheat plants grown and kept contin- 
uously under cover in a corner of his garden. These plants were 
carefully protected from outside insects, and on the 2d of June, 1886, 
the reverse of the former breeding was accomplished, and grande wqiS 
bred from wheat in which indubitably nothing hut tritici had ovi- 
posited! Several specimens issued in the next fevf days, and all im- 
mediately began to oviposit in the now nearly full-grown straw in 
other portions of the same stools from which they had issued. 

The next step was then carried out, and these straws, in which the 
Sred specimens of grande had oviposited from June 2 to June 12, were 
divided, and part sent to Washington and part retained at La Fayette, 
Ind. , by Mr. Webster. On February 4, 1887, two female tritici were 
bred at Washington, and on the same day, as we subsequently learned, 
two were bred at La Fayette. 
; ^ Thus the complete arternation o^^ forms has been estab- 

lished. It will be remembered that the entire absence of a male 
among the many specimens of both forms bred and collected was a 
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stumMing-bloek to our acceptance of tMs iiyphotliesis in 188i before 
tte alternation liad been x3roYen, and it so remained until Jannary 6, 
1886, when a male Isosotna was bred by us from the same straws in 
-which grande was observed ovipositing by Mr. Webster at La Fayette 
Angnst 12, 1885, and wMcli had since been isolated, and from which 
female tritici were being bred and were subsequently bred in num- 
bers. On February 4 another of these males was bred from this lot 
of straw, and on February 6 still another, making three in all. In 
size these males were slightly smaller than the females of tritici^ 
and of course much smaller than grcmde. They were all three fully 
winged, and could have been nothing else than the males of tritici. 
Attempts were made while they were yet alive to establish this be- 
yond all perad venture by placing them with living females of tf^itici ^ * 
bred from the same straws and also with living females bred from 
straws received from California. The result was unsatisfactory. 
The males were lively and ran actively about in the breeding- jars, 
but made no attempt to pair. As soon as they came in contact with 
the females they either flew away or dropped as if startled. They 
were watched, however, only during the daytime from 9 a. m. until 
4 p. m., and were in confinement in breeding-jars in the Divisional 
laboratory. All males died after three or four days, and none of the 
males issued on the same da^^ with the females, so that one or the 
other was weak when watched with the opposite sex. It is also 
probable that the artificial conditions of a^T-varium are unfavorable 
to proper development or maturity of the specimens, and that free- 
dom and sunlight are essentialto coition. 

This breeding of the males, although not perfectly satisfactory, re- 
moves the last obstacle to the accei^tance of the fact of alternation of 
generations with this species; for we must now call it a single species. 
The summary of its life-history in Indiana is as follows: 

In March and April there issue from old last year's straws, either 
stubble or volunteer, wingless females of the tritici form, with, in 
some seasons, males. These oviposit in growing wheat. In June the 
winged females of tkegrande form issue from this same wheat, with, 
so far as known, iio males. These oviposit in the now nearly grown 
straws of wheat, and from these eggs hatch larvae which mature be- 
fore winter and give forth adults of the tritici iovm early the ensu- 
ing spring. 

From this sumxmary it will be seen that it is the grande form alone 
which does the damage in Indiana; and supposing this relationship 
to hold wherever the species occurs, it effectually relieves those north- 
ern regions where only sj)ring wheat is grown from any anticipation 
of injury, and indicates the obvious remedy of destruction of stubble 
aiid volunteer grain in the cultivation of winter wheat. In locali- 
ties where both winter and spring wheat are grown we should expect 
to find the insect the most numerous. 

Bearing out this suggestion, we may state that we have received 
the insect from no portion of the country in which spring wheat ex- 
clusively is grown. 

We have used the above qualifying clause as to the alternation of 
generation in these two forms in all sections where the species occurs, 
for the reason that while grande has been found only in Blooiiiing- 
ton and Normal, 111., and Oxford and La Fayette, Ind., tritici has 
been sent to us from Virginia, Indiana, Illinois, Tennessee, Missouri, 
Kansas, Calif ornia, and Washington Territory. 

Mr. J, F. Donkin, of Grayson, Stanislaus CQunty, California, wrot 
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US under date of MaySS^ 1885, sending speciraens^ and again on June 19. 
Mr. Coqnillett, writing from Atwater, Merced Coantyj California, 
June 29, sent similar specimens, Mr. Donkin, in Ms first letter, Baid: 
^' They are killing a large percentage of our wheat. The heads turn 
yellow and die long before the vf heat ripens." In his second letter 
he supplemented this as follows: ''I send you hy this mail samples 
of wheat-straw taken from different fields several miles apart. I am 
told by friends who have been growing wheat for years on the same 
land that the worms are in aU the. wheat this year. They have fonnd 
it in the wheat of every field examined. There is a difference of opin- 
ion about the damage done by it. Some say that when we have plenty 
of rain and the wheat is thrifty it does no harm. Onefold me that 
he had noticed pieces of about one-eighth of an acre in extent where 
about one-eighth of the heads had no wheat. Last year was the first 
that I saw any myself." 

That this insect has existed in California for a number of years 
there can be no doubt from the evidence of correspondents. It is 
probably the same insect which was sent to Dr. Packard through the 
Pacific Eural Press in September/ 1879, from Healdsburg, Sonoma 
County, California, and which was identified by him as a wingless 
Joint Worm. Other specimens were received by him the same year 
from Madison, Yolo County, It was also received by us in Septem- 
ber, 1882, from Mr. J. A. Starner, of Dayton, Columbia. County/ 
Washingtoii Territory, in stalks which contained larvae and pupse. 
Although the work and early stages were precisely similar to those 
of irtY^ci, the great difference in locality led to the presuniption that 
it might be a different though related species^ but subsequent jjreed- 
ing of the adults settled the question of identity. * 

The presence of this insect in the other States mentioned has already 
been placed on record, with the exception of Kansas. From this State 
we received specimens in July, 1885, from Mr. Warren Knaus, of Sa- 
lina. The straws contained larvse which were dried upon receipt, 
so that it was impossible to say to which form they befonged. The 
work in the straws indicated either tritici or grande^ while the date 
of collecting (July o) rendered it more probable that they were 
grande. As this is the first recorded finding of Isosoma in Kansas, 
we may quote briefly from Mr. Knaus' account : 

'' I mail you to-day a box containing specimens of what I take to be 
Isosomatritici, The joints infested are all the second from the ground, 
and are the only ones in the stalk of wheat containing the wor m ' 
Stalks from various fields are almost all infested, many containing 
three larvse. I have taken a number of larv^ f rom immediately above 
the joint next the head. My observation is that these worms have 
caused more damage to the wheat in this part of the State than the 
Hessian Fly fully 50 per cent, of the heads in many fields of wheat 
showing their work in a very marked manner." 

In a letter dated August 16 he gives the following: 

'^ I have just returned from a trip through Northwest Kansas, and 
find that the Wheat-straw Worm has seriously damaged the wheat 
in the counties of Ottawa, Cloud, Osborne, Rooks, and Phillips; also 
in Saline, McPherson, and Dickinson Counties. It has really done 
more damaged than the Hessian Fly." 

In order to compare the customary situation and abundance of tho 
larvse in the straw in Calif ornia with Mr. Knaus' statement and with 



^' See American Naturalist, December, 18d2, p. 1017, 
35 AG— '86 
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Mr. Webster's table in our last Annual Report (p. 386), we give the 
result of ail oxamiTiation ol' ten straws received May 23 from Mr. 
Donkin, of Grayson, Cal. : 



Above fourth knot from car 3 

Above third knot from ear 12 

Above second knot from ear 15 

Above first knot from ear 5 

In second knot from ear 2 

In third knot from ear 6 

J7i fom'th knot from ear 1 

Total number of larvee in ten stalks 44 



Parasites. — By far tbe most numerous parasite bred during the 
season from both the bisexual and unisexual forms has been Eupelmus 
allynii (French). But one specimen (female) of Stictonotus isoso- 
matis Eiley, which we described in our Annual Report for 1881-82 
(p. 1 BG) , has been reared since the original description, which was drawn 
up from one female and two males. We have, however, bred a most 
interesting parasite of the Proctotrupid genus Dryinus from the 
grande form and a new Pteromalid from both forms. 

SILK CULTUBE. 

In our last Annual Report we reiterated the recommendations which 
we had several times made that means be given for the establishment 
in Washington of an experimental silk filature, and expressed the 
hope that we should be able to obtain a certain number of Serrell au- 
tomatic reels with which to carry out any experiments which might 
be authorized. 

In pursuance of this recommendation Congress, at its last session, 
appropriated $10,000 in aid of silk culture, and, among other things, 
authorized ^^experiments with automatic machinery for reeling silk 
from the cocoon at some point in the District of Columbia." The 
experimental reeling station at New Orleans had been closed at the 
beginning of the calendar year, and on the 30th of June that at Phila- 
delphia was also closed and its appurtenances loaned to the Women's 
Silk Culture Association, in aid of which Congress also appropriated 
$5,000. 

In pursuance of this act (June 30, 1886) an experimental silk filature 
has been set up in one of the Department buildings in Washington. 
It consists of a battery of six Serrell automatic reels and an automatic 
cocoon-brushing machine, invented partly by the same engineer. 

Several objects will be held in view in operating this establishment. 
Among them we shall endeavor to settle conclusively the commercial 
value of Osage Orange as a silk-worm food, and, more important still, 
as foreshadowed in our last report, will be the determination of the 
question as to whether silk can be reeled with profit in the United 
States b}^ meaiis of the most improved machinery. 

OSAGE ORANGE VS. MULBERRY. 

In reference to the first object, the work already done justifies the 
statement that cocoons raised from Maclnra-fed worms produce as 
good a silk as when the worms are fed on Mulberry. The difficulty 
found when these cocoons were reeled in France was that the rendi- 
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tion * was tpo great, being in the nei^^ of 5, wMle 4 is only 

a fair result witli wMte-nanlberr^^ 

The second week's work in the Washington filature on Osage Orange 
cocoons gave a rendition of 3. 69, and subsequently a result as low as 
3.65 has been attained. This result was reported to Mr. Serrell, the 
inventor of the reels used, who, though living abroad, has always 
taken a lively interest in American silk culture, and his comments 
thereon are so encouraging that their substance is presented here: 

The rendition from Osage Orange cocoons at the Washington filature is aston- 
ishing. So far as I know, the only time they have been reeled in Fi-ance they gave 
a rendition of nearly 5. That is to say, as reeled in France it took a pound and a 
third more cocoons to produce a pound of silk than in the work done in Washing- 
ton. It is fair to say, however, that in France they were reeled in a filature accus- 
tomed to only the best French cocoons, 

" Be that as it may, the result attained is extremely remarkable, and makes me 
foresee a prompter outcome from American cocoons than I had supposed was pos- 
sible. 

Of the silk mentioned several skeins were taken to New York and 
submitted- to :-the most rigorous tests at the Silk-conditioning Works 
in that city. ; It is needless to go into the details of the technical re- 
port made ; by its manager, but it will suffice to say that this Osage 
Orange silk gave excellent results., the faults being such as can be 
cured as bur silk-raisers gain in experience. 

The use of Osage Orange as a food-plant has now become tfuite 
general in the States where it is plentiful Some observations whioli 
have been made on cocoons raised therefrom may be of service to 
the raisers who employ it,; If two -batches of cocoons be taken, 
raised from the same eggs, the one on the Mulberry and the other on 
the Osage, they will to the ordinary eye possess no distinct character- 
istics. The expert, however, can at once and almost unerringly des- 
ignate the food used in either case, and this on account of the greater 
degree of satinage observable in those produced by the Osage Orange- 
fed worms, It was explained in the last edition of our manual that- 
this satinage consisted of an inferior gumming together of the layers 
of the cocoon, and is made apparent to the eye by the coarser texture 
of its surface. As a result, the water penetrates to the interior, and 
causes them to sink to the bottom of the basin in reeling, and thus 
to break off the filament. Although this difficulty has not been 
I)roved tq'be the result of any given cause, still it is generally be- 
lieved to -be due to the insufficient feeding of the worm during the 
last days of its life. At this time almost all of its food goes to the 
f orrnation of silk, and though a worm may make its cocoon if the 
feeding is stopped five days after the last molt, still it will be weak 
and Gommercially useless: In order that it should be strong and well 
garnisjied, no food should be spared at this time. The almost uni- 
versal difference found between the cocoons raised on Osage Orange 
and Mulberry in this particular leads to the opinion that a greater 
quantity of the former food is required than of the latter, aid that 
our 23eople have not learned to supply their silk- worms with enougli, 
liberality during the days which precede the spimiing^ 

What has been said above must not be construed as a serious ob- 
jection to the use of such food, biit simply as an indication of how 
it may be used with greater advantage than at present. On the con- 

By ' ' rendition " is meant the number of pounds of dry cocoons required to pro- 
duce a pound of reeled silk. : - 
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trary, tiiougli notliiiig definite can be said as to tlie result of the 
limited experiments already made, tlie indications point to Osage 
Orange as at least the equal of Mulberry as silk-worm food, and con- 
firm in continuoiis reeling tlie conclusions arrived at in previous 
years, and wliich we have reiterated in past writings. 

THE SERRELL REEL— COST OF WORK UP TO THE PRESENT TIME. 

In regard to the more important feature of our experiments we 
have not yet gone far enough to be willing to venture any opinion 
upon the probable outcome of the work. The limited appropriation 
prevented the setting up of more than six reels, though we had hoped 
to obtain twelve. Even with these six it has been somewhat slow 
work to train the yoimg girls employed in their operation, and the 
consequent sale of the silk produced has been delayed longer than 
we anticipated. But at the best wo cannot this year hope for results 
which will be more than indicative of the future prospects of the 
industry; for there are so many items of loss in the operation of a 
small establishment, which would not occur in a larger one worked 
under what we may call factory conditions, that it is impossible to 
make altogether accurate estiiiiates. We shall be able, however, to 
sliow-the silk manufacturers of the country what quality of silk can 
be made from American cocoons, and to give capitalists some indica- 
tions of the probable profit to be realized or loss to be suffered in 
working a filature supplied Vvdth the best machines. We hope to be 
able to give in our next annual rex^ort the result of at least nine 
nionths of work under as favorable conditions as are possible with a 
small establishment 
The expenses of the operation of the experimental filature have 



been so far as follows: 

Per week, 

1 forewoman . . , . . . .. . . . . ... . * . . . ... . • • • • • • • ■ • • " - • ■ • • • ■ • |8 65 

5 operatives. ........... ^. ^. ^. ^ - . . - v. • 23 08 



Total....,.........../...... ... ... V...V..... 31 73 



Or of each of the five reeling clays, $6.35. 

It has been found best to reel forty hours per week, and employ the 
time Saturday in sorting cocoonsVso that the above siini (§0.35). in- 
cludes the total expense for productive labor employed in niaking one 
day's product. . 

6nly five of the reels have been in operation. The best product 
made OR the fi ve reels mentioned has been 850 grams' per diem (1.87 
pounds). ^ ; : 

This silk has cost us : 



For labor as above . . ... . ... . . . . .... . . . . . * ... i , . - $6 85 

For cocoons; .. .\. . i ........................... . .......... 7 29 

Total . . . /. 13 64 

The value of the product would be, at minimum figures (1.87 pounds of silk, 

at 15)............,.,../...... ...... 0 35 

W^te . . . . . .... .......... .... .......... . ......... 1 50 

Total:..............................,...,......................,.... 10 85 



This will show a daily loss of $2.79, or a loss of approximately 
11. 50 per pound of silk produced, not including interest on capital 
involved or cost of superintendence. It is not a very good shov/ingj 
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and we qiiofce Mr. Walker's conclnsion as to tlie cliances of improy- 
ing it: 

"I am of the opinion that saring can be made in the following 
ways: In the present machines the two threads of each basin are so 
dependent upon each other that when one thread breaks the reels of 
both threads stop. Judging from the result of carefully noted exper- 
iments within the past week, Tarn of the opinion that if these threads 
were made independently of each other the daily production would 
be mcreased by 125 grams without increase of the labor employed. 
Again, the two girls at the reels, owing to their slight experience, 
are unable to keep the threads sufficiently free from almost exhausted 
cocoons, and as a result bunches run up into the croisure and cause 
the rupture of the filament. By careful noting of the time lost bv 
these breakages I found that it amounted to 29 per cent, of the working 
day. I put Mrs. Vaccarino in the place of the two girls, and by her 
superior ability in taking out exhausted cocoons she diminished the 
loss of time to slightly over 6 per cent. It is probable that with 
properly constructed purgeurs the ratio of time lost would be reduced 
as low as 10 per cent. Andl am now experimenting with some devices 
which justify, I think, my hopes of arriving at such a result. If I 
do succeed, I shall, without increasing my labor, increase my pro- 
duction from 1.87 pounds to 2. 3? pounds. 

This silk will require in its production: 
For labor ... . - ... . - ok 
i^or cocoons .... . q 9a 



Total 15 59 

"The product will be worth: 

* * ' * • :* * • • • • •: * • • • • * • * • * * • • -• • • • • • • • • • • • • • • • » • • • • • • « • • * t ^11 85 

W aste ■ 9 nn 



; . - Total . . . ... ... . . ... ........... . . 13 8^ 

^/'This^would reduce the daily loss to $1.74, or the loss per pound of 
Silk produced to 74 cents." 

THE DISTRIBUTION OF EGGS. 

In 1885, as stated in cur last report, a quantity of silk-worm eggs 
^P^f x^^^ - American silk-raisers and 150 ounces were distrib- 

uted to applicants m different parts of the country. The general re- 
sult was so unsatisfactory as to prevent the repetition of the experi- 
raent. There^were but few of the sellers who had the slightest idea 
ot tiie care to be takenin egg production, and it has not been thought 
wise to continue the encouragement of this kind of work There is 
too, undoubtedly, evidence of the existence in the country of much 

seed of inferior races, aud it is our aim to prevent the use of this 
as much as possible by the gratuitous distribution of choice qualities 

\v distribution was confined to the class of races commonly 

called the large Milan, and the same policy will be followed in 1887 
feilk-raisers who have had cause to be dissatisfied with their stock 
eitner trom failure in their education or from poor prices received 
for their product, will do well to apply to the Department for a new 
supply. 

The reason for confining the distribution of eggs to ti.© large Milan 
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races is one dictated l3y tlie iieeessities of tlie case. Tliej Haye, as a 
riile/beeii siibrnitted to the Pasteur microscopical selection, wliicli is 
not true of Asiatic stock.: This would haveheen of little importance 
some years ago^ but now there is good evidence of the existence or 
the pebrine in Japan and China, and the only means of guarding 
against it is by aYoiding the purchase of such material. 

Of the Milan races, then, stock of assured purity may be obtained. 
The worms are hardy and the cocoons give excellent results in reel- 
ing. The few reeling establishments novf existing or likely to exist 
in the United States in the near future can consume but a compara- 
tiyely small quantity of cocoons and produce but a small quantity of 
silk. In order to find a ready market for such silk it must be of good 
quality, a term which includes among other things evenness of color. 
To produce this evenness we must have not only cocoons of the same 
color, but as much as possible of the same shade. The use of the 
many races now in vogue in this country prevents the attaining of 
this desirable end, and the cocoons that are offered at the filature are 
not all that can be desired in this direction, It is true that we might 
choose som.e of the other European races that are as carefully selected, 
such, for example, as the Bionne, but taking everything into consid- 
eration, the conditions sought for are best found in the large Milan 
varieties. 

Last spring some of this sort of eggs, produced by the house of 
Darbrousse, in France, were sent to us by a gentleman in ISTew Or- 
leans, and a few of them were raised in the Department building, the 
. food employed being Osage orange. There.were almost no deaths in 
the batch, and about 4 pounds of cocoons were produced. It took 
256 of these to make a pound, while 300 is considered an extremely 
good result. Part of the best of these were selected for reproduc- 
tion, and were found to weigh a poimd to each 316. Such cocoons as 
these are what silk-reelers want and are willing to pay extra prices 
for/ but unfortunately there are few of them offered. 



IMPROPER CHOKING OF COCOONS. 

Our experience in the filature, too, has shown us that our people 
are sadly deficient in their knowledge of the art of stifling cocoons, 
and many lots have been received which were of otherv/ise excellent 
quality, but which had been burned by the emplo3anent of improper 
means for destroying the life of the chrysalis. It is the custom in 
Europe for the silk-raiser to disj)ose of his cocoons at the filature as 
soon as they are raised and before they have been stifled. The raiser 
then has the advantage of getting payment for his work as soon as 
it is completed, and the silk-reeler is enabled to stifle his cocoons in 
large quantities and by the most approved process. This scheme, 
however, has thus far been found impossible in the United States, as 
the silk-raisers are as a rule located so far from the available markets, 
that there would be danger of the moths piercing the cocoons before 
they could be choked, American buyers have therefore been obliged 
to purchase only stifled cocoons which ha;Te been tlioroiiglily dried, 
and as this process of dryingrequires several months, silk-raisers have 
not received the proceeds of their season's labor until well into the 
autumn. And again, through inability to purchase apparatus or 
through lack of knowledgeon the subject, they have resorted to such 
means of stifling as were at their command, and have destroyed in 
many cases an otherwise excellent crop. This burning of the cocoons 
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may always be obTiated by using steam in their stifling and after- 
Wards tliorougiily drying tiieni--to. jjreyent molding. A yery efScient 
tiiongh simple piece of apparatiis for thus stifling cocoons" was pur- 
chased last spring by this Depart- 
ment of ' the Few' York Silk Ex- 
change, and is within the means of 
most silk-growers. A sketch of it, 
in a slightly modified form, is given 
at Fig. 1. It consists of a tin reser- 
voir, A, which/ when in use, is 
about one-third filled with water. 
Slightly above the surf ace of the 
crater is a movable perforated par- 
tition, B, intended to prevent spat- 
tering during ebullition. The up- 
pe rportion contains a perforated 
pan for holding the cocoons, while 
all is tightly closed by a cover. 
Oocoons may be thoroughly stifled, 
by exposure in this apparatus over 
boiling water for twenty minutes. 
It will be seen, too, that much the 
same apparatus can be contrived 
by the use of a deep kettle, into 
which is set an ordinary colander 
full of cocoons. It is well to avoid, 
however, so filling the kettle with 
water that it will splash upon the cocoons in boiling, as they should 
only be subjected to the action of steam. The apparatus owned by 
the Department is 12 inches in diameter and 13 inches deep^ and will 
stifl.0 from 3 to 4 pounds of cocoons a/t a time. 




COqOONS PEODUOEB IN THE UNITED STATE IN 1886. 

. Desirous of getting some statistics as to the amount of silk produced 
during the year in this country, and believing that the result could 
be approximately obtained by summing up the receipts at Washing- 
ton and Philadelphia, we applied to Mrs, Lucas, who has kindly fur- 
nished the data from the Women's Silk-Culture Association of Phil- 
adelphia, of which she is president; These receipts are for the first 
half of the fiscal year, or from October 1, 1886, to the end of the 
year. They do not include whatever silk was raised in California, 
and will probably be materially increased by ^receipts during the first 
quarter of 1887. The result is, however, quite interesting, and the 
more so that no impetus was given to the raising of the cocoons bv 
the establishment of the filature at Washington (and the same may 
be said in a great measure of Philadelphia), since the appropriation 
did not become available until after the silk-raising season was over. 

Figures show that during the time stated there have been pur- 
chased at the Washington filature 1,313 pounds 15 ounces, valued at 
Jl,272.04,.and by the Women's Silk Culture Association at Philadel- 
phia, 3,801 pounds 9 ounces, valued at |3,72G. 88. This makes a total of 
5,115 pounds 8 ounces, for which there was paid the sum of $3,982.96, 
or nearly 78 cents per pound. These were obtained, as will be seen 
by the following table, from twenty-six States and Territories. It 
is probable that the table is not a just indication of the production 
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of tiiose States?, as there have been certain oases where lots of cocoons 
JiaYe been received at the filature which were the results of collec- 
tions made from many dilf eront raisers and which were possibly not 
raised in the State from 



state. 



I'luladelphiao 



Quantity. 



Valua 



"Wasiiingtoii, 



Quantity, 



Value. 



Total. 



Quantity. \^alue. 



Average 
value -per 
jDOuncl. 



AlAbaina . . . . . . . 

. ^f-TMiiTisas 

DiKLrict of Columbia. 

S'ioricia .... .... ...... 

Georgia . , . ... 

lliijiois 

Indiana , 

Icnva, . , .... 

". Kansas . . 

Kentucky. . ". ... 



-Ma-asacbusetts . .. . 

Sliclii.^an ..... 

Mississippi . , . . 

Mssouii ., 

Nebraska ......... 

' Kow Jersey ....... 

New York .... 

. North Carolina . . , 

Ohio 

Peiiiisylvaiua . . . . 

South Carolina. . . . 

Tennessee .... 

Texas............. 

Virginia . . . . 

West Virginia...,. 



Total., 



Lbs. oz. 
1 12 
30 U 



Dollars. 
0 70 
15 40 



oG 
780 



140 18 
J 65 2 

67 10 



6i 



9 

4 

m 13 

3 10 

267 13 
71 3 

8 &i 
3 5 

95 7 

1,063 11 
54 U 

9 4' 
S7 0 

11 m 

60 lOf 
3 0 



53 24 
11 38 
622 33 
100 80 
111 68 
351 85 
38 80 
8 73 

3 41 
223 18 

1^7 
194 45 
32 18 
8 14 

2 81 
49 36 

7S0 13 
40 55 

4 77 
13 56 

6 99 
4S 80 

3 38 



Lbs. oz. 
5 10 
5 1 

3 K 
8 
0 

m 

85 
S 

. 57 



2 
12 
7 
B 
2 
5 
12 
163 8 



4 12 

111 2 

125 12 

116 11 

3 4 



37 
121 
144 



2 3 
40 10 
15 4 

17 



VQllars. 
- 6-04 
3 54 

3 32 

4 05 
78 

241 12 
81 70 
3 59 
61 08 
6 11 
172 64 



5 46 
86 49 
129 04 
125 78 
3 25 
3 86 
41 23 
113 13 
115 40 



.3 18 
39 97 
11 95 
1 43 



Lbs, 
7 
35 



1,185 
198 
9 
39 



3 13' 



64 

19 m 

1,020 9 

220 6 

- 168 - ^4 

653 12 

73 6 

171 14i 

4 6 

246 8 

114 12 

393 9 

187 14 

11 m 

6 8 

132 10 



0 
3 

53 6J 

75 m 



Dollars. 
6 74 
18 94 
3 32 
56 29 
12 16 
863 45 
-183 BO 
115 27 
412 93 
44 91 
181 26 

3 45 
228 64 

87 76 
323 49 
- 157 96 
11 39 
5 67 
90 59 
893 28 
155 95 

4 77 
15 74 
46 96 
54 75 

4 81 



Dollars. 

0 91 
54 

835 ■ 
88 
63 
838 
805 
685 
63 
61 
89 
76S 
92 
. 76 
S2 
84 
966 
87 
68 
75 
78 
■515 
40 
89 
72 

1 OS 



3,801 9i 



2,720 88 



1,313 15 



1, 263 04 



5,115 8i 



3,983 96 



772 
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SIPOET OK EEMEDIES FOE THE OOTTONY CUSHION-SCALE. 

By D. W. CoquiUett j ^iJecioZ ^^^ 
. LETTiEB O 

Sir: The following pages comprise my report upon the experiments to destroy the 

In accordance with your letter of instmction I proceeded to Los Angeles on the 
9th of February, 1886, and had a conference with the County Horticulturai Com- 
mission relative to the best place for me to to locate in order to study to the best ad- 
yantage the life-history and habits of the Cottony Cushion-scale, and they assured 
;me that they could find such a location in the city of Los Angeles, but wanted time 
to eriable them to make the necessary arrangements. Accordingly I returned to 
Anaheim, and on the 15th of February again visited Los Angeles, and was shown 
|ovural orchards, in either of which I jcould carry on my investigations. I chose 
the Wolf skill orchard as offering the best opportunities for my studieSj and wa.s not 
a. little influenced in my choice by the fact^ that I would thereby secure the aid of 
the superintendent of this orchard, Mr. Alexander Craw, whom I found to be a 
3Qiost careful and accurate observer of the habits of insects in general, and who has 
had considerable experience in. combating scale insects of various kinds. 

In this orchard I carried on my experiments with various remedies for the de- 
struction of tM^ Cottony Ciishion-scaJe, and it was here that the greater number of 
my observations upon the history and habits of this insect were' made; but I also 
Btudied it in many of the other orchards and yards in various parts of this city. 

Onthe 18ch of June, 1885, the board of supervisors of Los Angeles County passed 
an ordinance relating to the destruction of insect pests. In accordance with this 
ordinance the office of County Board of Horticultural tiommissioners was cistab- 
Mfihed, and Messrs. J, Bobbme^ George Ittce, and. MoKiiiloy were appointed to 
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tlie board. It is the duty of this commission to divide the county into districts and 
appoint an inspector for each district. When trees or plants are found to be infested 
with tiie Cottony Cushion-scale or other injurious insect the owner is_ notitied of 
this fact and is requested to disinfect such trees or plants, and if he fails to do so 
within due time his premises are deemed a public nuisance, to be proceeded against 
as any ordinary nuisance until abated. 

On the 4th of August, 1885, the city council of the city of Los Angeles passed an 
ordinance declaring trees and plants infested with the Cottony Cushion-scale within 
the city limits a public nuisance immediately, and it also established the offices of 
inspectors of fruit pests, whose duty it was to see that the provisions of this ordi- 
nance were enforced. 

On the 13th of November, 1885, the board of supervisors of Los Angeles County 
offered a reward of $1,000 for a perfect exterminator of the Cottony Cushion-scale, 
and the horticultural commission and mj^self were appointed by the board to act as 
a committee for determining the efficacy of the various remedies presented by the 
different applicants- for the above reward. Up to the present writing there have 
been eleven applicants for this reward, and these have made thirty-eight tests, but 
none of these remedies have been deemed worthy of the olfered reward. 

In the prosecution of my studies I have been not a little aided by the above com- 
mission and their able corps of inspectors, to all of whom my warmest thanks are 
due. Mr. Albert Koebele, one of the agents of the United States Division of Ento- 
mology, has been with me part of the time, and has aided me much in the mechan'- 
ical part of my experiments. 
Eespectfully, yours, 

D. W. COQUILLETT. 

Prof . C. V; Riley, 
: United States En^ 

GENERAL CONSIDERATIONS, 

The great desideratum in a remedy for scale insects is that it shall kill all of the 
insects and their eggs without producing any injury whatever to the tree or fruit, 
and to this must be added the additional quahfication that it must be reasonably 
cheap. A wash costing frorh 1 to 1^ cents per gallon would be cheap enough to 
be extensively used, while if it should exceed 3 cents per gallon it would be beyond 
the reach of the majority of the fruit-growers. 

It is no difficult task to discover a wash possessing any two of the above qualities ; 
but to discover one which possesses the three properties combined is a far more 
difficult matter. 

The remedies in common use in Southern California for the destruction of the 
Cottony Cushion-scale consist of various liquid solutions applied to the infested 
trees in the form of a spray. The usual appliances for performing this operation 

consist of a force or spraying pump mour^ted upon a barrel or tank; t(5 the pump is 
attached from one to four pieces of rubber hose from 15 to 20 feet in length, and 
to the end of each is attached an iron tube measuring from 4 to 10 feet in length. 
The nozzle commonly used is known as the San Jose " nozzle, and is fastened to 
the outer end of the iron tube above described. 

This nozzle consists of a short brass tube, upon the outer end of which is screwed 
a brass cap having a large openuag m the top. . This cap holds in place a circular 
piece of brass, in the center of which is a small slit, through which the solution is 
forced in the form of a fan-shaped spray. Sometimes a piece of rubber is substi- 
tuted for the circular ipiece of brass in the nozzle ; it has the advantage of not be- 
coming clogged so easily as the brass one, but is far less durable. 

The Cyclone nozzle, which has been fully described in previous reports of this De- 
partment, has been used by a few different persons here, but these, with one accord, 
prefer the San Jose nozzle. For thorough work, however, the Cyclone nozzle is to 
be preferred, as it does not become clogged so easily as the San Jose nozzle, and it 
also permits the operator to spray the leaves from all dnections, the spray issuing 
from the side of the nozzle instead of from the outer end, so that by simply turning 
about the iron tube carrying the nozzle the spray can be thrown in all directions. 

This defect in the San Jose nozzle is overcome to a certain extent by means of a 
ladder, by the use of which the tree can be sprayed both from above and from be- 
low. For this purpose ?m improved ladder, mounted upon wheels, is now commg 
into use. This can be wheeled from one tree to the other, and being provided with 
the proper supports, does not rest against the tree itself . In this way the operator 
can move up and down the ladder without being hindered by the branches of the 
tree he is operating upon. (See Plate V.) 

Even the most skillful operator , howeverj when equipped with the best of appU- 
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ances, will find it to he absolutely impossible to spray the solution upon emry insect 
on tlio tree, as a few are quite certain to escape, protected, it may be, by a curled 
leaf or similar object. Much: can, be done to aid in properly Bpraying the trees by 
; first TCinoviag from the tree, especially ii-oni the mside of tiie top of it, all of - llie 
brandies; that can possibly be; spared. . . -This' wdll not only greatly expedite the -task 
of spraying and make it more eificient, but will make a great saving in the quantity 
of the solution required, thus lessening th{3 . cost of spraying in proportion to the 
numb-er of branches removed. 

Another item of importance is to prevent the great waste of that portion of the 
sohition which ordinarily falls upon the ground after having been sprayed upon tlie 
trees. This can be accomplished by using some simple contrivance for catching the 
solution in such a manner that it can be made to flow into a tub or other vessel, be- 
mg in the mean time strained from all extraneous substances; it can then be emj)tiecl 
- into the tank or barrel to which the spraying-pump is attached and thus be used 
over again. It has been ascertained that fx}Mj tim-tliirds of the quantity of the 
solution first used could in this way be saved and with but veiy little additional labor,^ 

As illastrating the extreme tenacity of life with which the female Cottony Cushion- 
scale insect is endowed, I may state a fact that I have frequently %vitiiessed, namely , 
that an adult female, with her egg-case attached, when sprayed with a solution so 
caustic that her back was burned black and was hard and wrinkled, still retained 
tlie use of all of her organs three weeks after the application of the solution had 
been made. In such instances the cottony egg-sac had been hardened and discol- 
ored by the solution, and the addition to it which the female had excreted after the 
application of the solution was very conspicuous by its whiteness. 

Beveral persons have succeeded in clearing their trees of the Cottony Cushion-scale 
by simply spraying them with pure cold water thrown upon the trees with consid- 
erable force, repeating the operation once or twice each week until all of the insects 
ha'S'e been removed from the tret b. 

When once these insects have inserted their beaks into the bark of the tree it is 
quite impossible to extract them from the bark by any forcible means that we may 
employ, as the beak is very brittle and easily broken off short to the body. It is 
doiibtless owing to this fact that the water remedy referred to above is so effective 
when employed against these insects, as the beaks are broken off in dislodging them 
from the tree,, and the insects, thus deprived of the organ through which their food 
is obtained , must necessarily perish of starvation. „ 

This method is practicable only in places where but few trees are to be treated; 
it is much too laborious and requires repetition top frequently to be used on a large 
scale. . - ; - -_. - ' ■ . ^ 

Following is a summary of the experiments which I have made with various 
remedies for the destruction of the Cottony Gushion-scale. For spraying these 
solutions upoii the trees I used a Johnson pump and a Gy clone 

In making these experiments it has been my aim to discover a remedy that would 
prove fatal not only to the insects in their veirious stages of development but also 
to the eggs, as it will be easily seen that if 'the latter are not destroyed they will in . 
due time hatch out, and thus again stock the tree with these pernicious pests, 

Of course a remedy that merely desstroys the insects could be used wdth good suc- 
cess by making a second application at an interval of about two months after the 
first one, thus giving the eggs time to hatch out; but this would require double the 
labor and cost of a single application and the risk of injiiring the tree would also 
be much greater. _ 

CAUSTIC POTASH, 

The crude potash was dissolved in water and the solution then sprayed upon the 
trees. The cost of the potash at wholesale is about 7 cents per pound. 
^ One Pound of Potash dissolved in one Ocillonof Water,— An hour after the appdica- 
tion the leaves upon the newest growth on tJie tree had sensibly withered ; nine days 
later about one-half of the leaves had dried up and fallen from the tree. Two months 
after making the application one-tenth of the smaller lateral branches had become 
dead and dry , while upon the other branches a new growth had started. About 95 per 
cent, of the insects and 60 per cent, of the eggs weie killed; the insects which es- 



^ Such a drain-table has already been made and used at San Jose for the ijurjxise 
indicated. It is described in the first report of tlie State Board of Horticiiltural 
Commissioners, 1882, p. 83, in Mr. ChajDin's report, as follows: "The table is made of 
sheet-iron and zinc, fixed upon a frame in halves, which are placed against the 
trunk of the tree on either side, thus forming a circular basin 14 feet in diameter, 
and requiring but one minute for transfer from one tree to another. * * 
saving caused by this was at least two-third8 of the materiaL" 
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caped in jury were tiiose in tlie adult stage, botli before and after excreting the egg- 
: mass. _ - : - 

_:On&.Poiviid_of :Fotask cmd: two Gallons of Water.—This killed about one-tenth ol 
the leaves upon the tree and several of the smaller brancIieB. All of the insects in 
the first and second stages were killed, but only about one-half of the adult females, 
one-fourth of the feraales ^vith egg-masses, and one-tenth of the eggs were killed. 

One Pound of Potash and foivr Gallons of Water.— -Thi^ killed about 5 per cent, 
of the leaves and burned brown spots of various sizes in many of the others. Nearly 
all of the insects in the first arid second stages were killed, but not more than one- 
fourth of the adult females before secreting the egg-masses were killed, while the 
females with these egg-masses were scarcely affected by the application; eggs un- 
injured. 

: - CAUSTIC SODA, 

The crude caustic soda was used; the present price of the soda is 5 cents per 
pound when purchased in large quantities. 

One Pound of eaustie Soda^dissolved M two Gallons of TFarer.-— This killed all of 
the leaves upon the tree and burned the bark brown, but later in the season the tree 
put forth a new growth on some of the larger branches. AH of the insects were 
killed, with the exception of about one-tenth of the adult females before secreting 
the egg-masses and one-eighth of those with egg^masses; eggs scarcely injured. (In 
one of the egg-masses situated upon a spot where the bark had been burned brown 
I found three recently hatched larvaa five days after making the axDplication.) 

One Pound of cai istic Soda to four GaUons of Water, —This killed about four-fifths 
of the leaves and one-third of the smaller branches, and burned the bark brown in 
large spots. With the exception of about one-sixth of the adult females before se- 
creting the egg-masses and one-fourth of those with egg-masses, all of the insects 
were killed; eggs uninjiired. 

One Poimid of caustic Boda to six GaMons of m#er.~This killed about one-third of 
the leaves upon the tree, while the bark was not injm'ed. A slightly larger number 
of the adult females escaped injury than in the pl^eceding experiment; eggs unin- 
jured. 

Several egg-mas&es were immersed in a solution composed of 1 pound of caustic 
soda, dissolved in 1 gallgn of water; this killed about one-third of the eggs thus 
treated. 

HARD SOAP. 

This was a brown laundry soap, manufactured by the Los Angeles Soap Company, 
under the name of " Our Favorite German Ghemical Soap," and I am informed by 

one of the members of the above firm that this soap is composed of tallow, caustic 
soda, a llttlo sal-soda, and resin. It is retailed at the rate of 5 cents per bar, weigh- 
ing soinev/liat less than a pound, but it could probably be obtained at wholesale at 
the rate of 3 cents per pound. It was first dissolved in hot water and afterward di- 
luted with cold water, and sprayed upon the trees when quite cold. 

One Pound of Soap and two Gallons of TFa^ef This left a whitish coating upon 
the leaves and bai-k of the tree, but did not appear to injure the latter. It killed all 
of the insects with the exception of about 1 per cent, of the females with egg-masses, 
and hardened the outside of the egg-masses to such a degree that the insects after 
hatchnig were unable to make their way to the outside world, Fully four-fifths of 
the eggs were thus virtually destroyed. 

One Poundof Soap and three Gallons of TFafer.— This also left a whitish coating 
upon the leaves and bark. All of the insects were killed with the exception of 
about 4 per cent, of the aduli! females, before secreting the egg-masses and 8 per cent, 
of the f emales with egg-masses. About three-fourtlis of the eggs were destroyed in 
the manner related above. 

^ Several of the egg-masses were immersed in a solution composed of 1 pound of 
tJie soap to 1 gallon of water, and not a living insect issued from either of the eg^-- 
masses thus treated. 

It ia necessary to spray these solutions when quite hot, since the cold solutions are 
of such a thick consistency that it is very difficult toiorce them through a spraying 
no^zie» 

SOFT SOAP. 

This was made by dissolving 1 pound of refined potash and 1 of concentrated lye 
in 8 gallons of water, to which was added one-half gallon of fish-oil. This was 
boiled tor about one hour, when ^ gallons of water were added. The cost of these 
materials when purchased in large quantities is about as follows: Potash and con- 
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Gents-ated lye, each about 10 cents per pound; fish-oil, 35 cents per gallon. The ma^ 
terials used m making the soap above described made about 66 pints of soap, at a 
cost of 37 cents, being a trifle over half a cent per pint. 

Tivo Pints of Soap in one Oallon of Water. — This proved fatal to all of the insects 
. with the exception of about 10 per cent, of the adult females. About three-fourths 
of the eggs were destroyed, the solution having the property of hardening the egg- 
masses. 

One Pint of Soap in one Gallon o/ Wafer.— This proved fatal to all of the insects 
with the exception of about one-third of the adult females, but not more than one- 
third of the eggs were destroyed. 

KEEOSENE EMULSIONS^ 

An emulsion was made by dissolving half a pound of hard soap in 1 gallon of 
water, and adding it, boiling hot, to 2 gallons of the best grade of kerosene (150° fire- 
test), and forcing this through a spraying-pump back again into the vessel contain- 
ing the solution. This was continued for about twenty minutes, when a very good 
emulsion was formed. 

This emulsion was used in various proportions from 1 part of the emulsion to 6 
parts of water, to 1 part of the emulsion to 18 of water. Neither of these solu- 
tions produced an- injurious effect upon the trees operated upon. 

One Part of the Emulsion to six Parts o/ TFa^er.— -This proved fatal to all of the 
insects with the exception of about 6 per cent, of the females before secreting the 
egg-masses and 10 per cent, of those with egg-masses. Nearly all of the eggs were 
killed. - 

One Part of the Emulsion to nine Parts of Water —1Mb was fatal to only about 
one-thh-d of the adult females and a somewhat larger proportion of the young ones. 
About four-fifths of the eggs were destroyed. 

A number of the egg-masses were immersed in the undiluted emulsion, and none 
of the eggs thus treated hatched out. 

Ah emulsion of the same grade of kerosene as that used above was formed of S 
gallons of kerosene and 1 gallon of sweet milk. This formed a better and more 
stable emulsion than the one made with soap-suds, but its eft'ects upon the insects 
were not as good as those produced by the latter emulsion. . _ 

_ A solution composed of 1 part of this emulsion to 6 parts of water kilh^d neaiiy all 
of the young insects, but proved fatal to only 10 per cent, of the adult females with 
egg-masses. About one-half of the eggs were killed. 

A third emulsion was formed by emulsifying 2 gallons of the same grade of ker- 
osene as that used above with 1 gallon of soft soap dissolved in 2 gallons of water. 
Considerable diMculty was experienced in forming a stable emulsion with these in- 
gredients. 

^This emulsion was diluted with water to such an extent that each 5 gallons of the 
diluted wash contained 1 gallon of kerosene. This proved fatal alike to the insects 
in all of their stages and also to their eggs. 

It was also used in such proportions that each 7 gallons of the diluted wash con- 
tained 1 gallon of kerosene; this was fatal to all of the insects with the exception 
of a small number of the adult females with egg-masses; all of the eggs were killed. 

Even the strongest solution, containing 1 gallon of kerosene in each 5 gallons of 
the diluted solution, produced no injurious effect either upon the trees or fruit; the 
trees experimented on were small orange trees about four years old. 

Unlike the soap solutions, which x)enetrate the egg-masses and afterward. harden, 
thus preventing the escape of the young insects after hatching out, the kerosene de- 
prives the eggs of their vitality by penetrating first the egg-sacs and then the eggs 
themselves. 

The cost of the kerosene (ISO*") is about 30 cents per gallon when purchased in 
large quantities. 

TOBAGCO. : _ 

TWo pounds of tobacco leaves and stems were boiled in water until the strength 
of the tobacco had been extracted; the solution when cold was diluted with water 
and used in various proportions. 

When used in the proportion of 1 pound of the tobacco to each 2 gallons of 
xvater, all of the insects were killed; about 3 per cent, of the eggs escaped injury. 

When used in the proportion of 1 pound of the tobacco to each 4 gallons of "the 
solution, it proved fatal to all of the insects with the exception of about 10 per cent, 
of the adult females with egg-masses; about 95 per cent, of the eggs were killed. 

The strongest solution used, 1 pound of tobacco to each 3 gallons of water, pro- 
duced no injurious effect upon the tree. 

Several egg-masses were immersed in &solutioa cont^nmg a pound of tobacco to 
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If gallons of water, and this proved fatal to about one-lmK of the eggs. As tliis is 
out of all proportion as compared with the other experiments made by spraYin.o* the 
egg-rnasses upon the trees with the tobacco decoction of various strengtha, I am led 
to believe that when the egg-masses are simply inmiersed in any solution, exccDt 
when held in the solution for some time, they do not become so thoroughly saturated 
with it as when the latter is sprayed upon them; and I have proved beyond a doubt 
that a solution thrown upon the insects in the form of a fine spray will have a better 
effect than if thrown upon them in a coarser spray, just as a heavy fog or mist will 
more thoroughly wet a tree than a heavy shower "of rain hi large drops will do. 

The cost of the tobacco at wholesale is about 10 cents per pound, but sometimes 
refuse tobacco can be obtained from cigar manufactories at fi-om It to 2 cents per 
pound. 

SHEEP DIP. 

This was the Gold-leaf "brand, manufactured at Louisville, Ky., a,nd said to be 
a pure extract of tobacco; it costs about |U75 per gallon when purchased in large 
quantities. ' ° 

It was diluted with water in various proportions, but even when used in the pro- 
portion of 1 gallon of the dip to 30 gallons of water it proved fatal to only about four- 
fifths of the young insects and one-fourth of the adult females with" egg-masses, 
while the eggs were scarcely affected by it. ■ 

Several egg-masses were immersed in the pure dip, and none of the eggs thus 
treated hatched put. 

TOBACCO SOAP. 

; Samples of this soap were received from the manufacturers, the Eose Manufactur- 
ing Company, of 17 South William street, New York CJity. The soap was first dis- 
solved in hot water and afterward diluted with cold water. 

One Pound of the Soap to nine Gallons of Water .—Thi^ proved fatal alike to th© 
insects in all stages of development and also to their eggs. - 

One Pound of the Soap to tiventy-one Gallons of V^^riter.—This was fatal to all of 
the insects with the exception of about one-third of the adult females before secret- 
ing the egg-masses and a slightly larger number of those with egg-masses. 

The cost of this soap has heretofore been 50 cents per pound, but 1 am informed 
by the agent here, Mr. J. B. Francisco, that the price of the soap has been recently 
reduced one-half . 

" ^ VINEGAE. " - 

A small branch of a lemon tree upon which were a number of Cottony Cushion- 
scales was immersed in pure grape vinegar, but it had very little effect upon the 
adult fem^^ perceptible injury to the leaves. It 

likewise had but little effect upon, the insects wdien used in the proportion of 1 gal- 
lon of vinegar to 8 gallons of water in which 4 pints of soft soap had been dissolved. 

PAKIS GIIEEN. . 

__Qne-lialf an Ounee of Paris green ivas thoroughly stored into two Galloiis of 
Water. -—The whole was sprayed upon a small orange tree gro win g in th e shade of some 
large eucalyptus trees. This proved alikefatal to the insects and tlie tree. Inmany 
places upon the tree the sap had exuded from the bark in considerable quantitiefci 
and remained adhering to the bark in the form of a brownish gum, ' 
One-thirdof an Ounce of Paris green to twoGallonsof TFofer.— This wasspraved 
uponali partsof a small orange tree, the greater part of it being sprayed upon "the 
trunk and bases of the larger branches. In Ihese places all of the insects v^ere killed 
but fully one-third of those situated upon the outer ends of the branches were not 
killed. In several different places the sap had exuded from some of the branches 

Mne-fourth of an Ounce of Paris green io ttoo Gallons of FFai^er.— This also killed all 
of the insects upon the trunk and bases of the larger branches, where the oreatcr 
part of the solution had been sprayed, but only about one-half of the insects sftuated 
upon the outer ends of the branches were killed. This- solution did not cause tbe 
sap to exude from any part of the tree. 




this emulsion was diluted with 2 gallons of water, after which the Paris green 
added; but it was impossible to keep the green incorporated in the solution os it 
would rise to the surface the moment the stirring ceased. The effect of the solution 
upon the tree and insect was about the same as in the preceding experhuent with 
the exception that only about one-thhd of the insects situated upon the outer ends 
of tne branches were killed. 
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EEPOET Umii SOTPLEMEMTARY EXPERIMENTS OH THE COTTOFY 
" . CUSHIOM-'SGALE; FOLLOWED BY A REPORT. OH EXPIBIMEITS 
ON THE EEB SCALE. 

By Albert KoebeleV 5i>ecia? ^gfen^. 

LETTER OP TEANSMITTAL. 

^ Alameda, Gal., December 1, 1886. 

Sib I I herewith suBmit a report of continued extjeriments on the Cottony Cushion- 
scale (Jceri/aptir Cfiasi), ^ Gal., after the expiration of the ap- 
pointment of D. W. Goquillett, with whom I worked previously, as directed by you 
in letter of January 28. ^ : : . . - 

My warmest thanks are due to Mr. August Buschliaupt, of tlic Los Angeles Soap 
Company, for Mndly assisting me in prepariiig the Tarious soaps. 
" ' Yery respectfull^^^ - - ' - 

ALBERT KOBBELE. 

Prof . C. y. BiLEY, 

U, S. Entomologist, WasMngton, D. C 

- / INTRODUCTORY. 

The chief object of my work has been to find a wash as. low in price .as i:)ossible,- 
and at the same time one which all the fruit-growers can prepare themselves. This, 
as is shown below, is not a diliicult matter. 

In March and April, while at work with Mr. Goquillett, and after witnessing vari- 
ous experiments, esx^ecially with soaps, I concluded that these, if tried in air their 
varieties, would prove good agents in destroying the scales, and that they also could 
be produced at a very reasonable cost. Up to this day, in my limited intercourse 
with orange-growers, I have seen nothing cheaper for killing the Cottony Cushion- 
scale. 

It has always been a difficult matter i;o know just how much of the article used 
should be taken to a cortain quantity of Avater to be elTective on the scajes "and not 
injure the trees. Very often the spraying is done by inexperienced hands, and in 
such cases no good results can ever be expected even with the best washes. Natu- 
rally it will be used in stronger doses at the next operation, and the consequence 
will of ten be that there is more injury done than good. Experienced Hands should 
- always be engaged in this work to secure good results. I have myself witnessed a . 
pair of inexpert opera,tors, and was much amazed at the rapid progress of the work; 
yet when examining the -trees a week later it was hard to find " dead scales." 
■ No wash will be eft ective on ice r^/a unless penetrating the cottony mass, and- for 
this 'purpose 1 found soap, or washes of soapy nature, the best. In most cases the 
majority of the young scales are found among the egg-masses, and unless these are 
destroyed the labor is of Httle value. 



SOAP SOLUTIONS. 

Almost any soap, if used in *right quantity, will be destructive to both the eggs 
and the insects ot leery a, and, aside from resin compounds, will best penetrate the 
cottony mass. The egg-masses should always, and immediately a^fter the tree lias 
been sprayed, be completely penetrated by the wash. Unless this is the case the 
Wash has not the effect of destroying everything. In some of the washes used, 
especially such as contained resin, the egg-masses, if not reacJied in the center, be-" 
came so hard that rarely one of the young scales was able to leaYc its plat'e of bimi. 
•Often one or more 'newly hatched -scales will be found under the body of the m'otlier- 

. scale at the point where the beak is inserted. Here, too, the mother scale exudes a 
little of "the cottony substance, on which tiie body rests close to the bark. After light 
spraying and with weak WTish this place remains dry and the young scales unin- 
jared. Therefore a strong sx)ray is of value, by •vrlnch tb.o scale is raised or some- 
v^iiat removed iroju its firm p^iice. - Boaps 14 i5'-?, wbicli 1 hav-^ ijiade, will d.o 
as well at. 1 cent with a •strong, and thorougli spraying as at t -cent by weak spray. 

- Never have I observed eggs that were coiDpletcly \vctted by any of tlie. washes used 
to hatch;: in every_ instance they were destroyed. ^ _ _ 

For: applying solutions tliere is nothing better than a oycloiiie nozzle for- thorough 
work, esp(K5ialiy i£ the exit hole be made considertibly larger, to save time, and this 
is easily done. ' • . - " : ' - - - _ ' _ 

The cyclone nozzle used in my experiments had been ea,ten out opposite the exit 
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hole to a depth of shout 6™°^, and three a^dditional plates of 2"^^ thickness had been 
put on STiccessively; a cii'cular cavity formed in the chamber, and last the ca,p con- 
taining the o utlet fell off. This also had been eaten nearly through. Not more thaii 
1 , 000 gallons of wash had been sprayed with the nozzle. This may be largely due 
to the impure and sandy water used, 

PREPARATION OF SOAP. 

At the beginning of my work, in preparing whale-oil soap ^ I used chiefly Babbitt's 
potash or lye, which is sold in boxes of 4 dozen 1-pound cans, at from 9 to 10 cents 
per pound. To 1 pound of potash 3 gallons of water were added and placed over 
fire. After all the potash had been dissolved, 3 pihts of fish-oil were added and . 
contents cooked until the soap had formed; then 3 gallons more water were added 
and well mixed together. This formed a soft soap, and would, after cooling, readily 
mix with cold water* 

The cost of this soap is about ^ cent per pint, and 2 pints are required to 1 gal- 
lon of water to destroy eggs and insects of leery a. This would be 1 cent for 10 
pints of wash. Fish-oil is sold generally at Los Angeles at about 33 cents per gallon, 
wholesale price. 

Later, however, instead of usmg Babbitt's potash, I obtained caustic soda from 
the Los Angeles Soap Company. This is sold at wholesale by tiie same firm at 
5 cents per pound, and it is equally as good as Babbitt's potash. To 1 pound of 
this caustic soda 3 pounds of grease, or part of that and resin to the full amount, 
should be taken, as will be shown in the experiments. Three pounds of tallow 
and resin .to 1 pound of soda did nauch better work than did 4 of the first to 1 of 
the last. Tallow is sold by the same firm at 3 cents per pound and resin at li cents, 
wholesale price. Almost any grease would answer in making soap, and much could 
be saved for this purpose which otherwise would not be made use of . 

In making soap 153, 1 pound of . caustic soda is dissolved in 14 gallons of water; 
then the 3 pounds of resin and 1 pound of tallow is dissolved in 1 (faart of the lye ; 
after the resin is all well dissolved by moderate heat the lye is added slowly, while 
cooking, under continued stirring. The mixture, if good, will become dark brown 
and thick. Should it become whitish and flocky (this is caused, by too much and 
too strong lye), water should be added and it will become right again. This will 
make 22 pints of soap — for water should be added to make that amount after all the 
l3^e is in — at a cost of 11 cents, excluding fuel and labor in preparing it, which 
^i,mount to but little, and will be sufiicient for 44 gallons of wr, sh if sprayed well. 
This is for leerya, I would not recommend it stronger than i cent for a gallon of 
the wash. 

The same rule is to be observed in preparing soap No. 144. This has been tried 
also on two large trees by Messrs. Wolf skill and Craw, at i cent per gallon of the 
wash. All eggs and insects were destroyed and the tree left in excellent condition. 

In preparing these soaps the resin and tallow should never be dissolved without 
the additional lye. It will become so hot, that if a little lye is added a f?ood part 
of the contents of the kettle will boil over. All this is avoided by adding the lye as 
Bald above, and the resin will dissolve the quicker, 

In making tallow soap for experiment 77 the caustic soda should be dissolved in 
somewhat less water. One- gallon is used. After the tallow and resm are dissolved 
together (in this soap it can be done without the lye) the lye should be added slowly 
while boiling, and afterward the required water added. Thirty-seven pints of soap 
were made in experiment 77 at i cent per pint. In usmg caustic soda the cost of 
same quantity— i. e., 1 pound of soda, 5 cents; tallow, 2i pounds, 7.5 cents; resin, i 
pound, 0.78 cent— would be only 13^ cents; and in making 40 pints of soap this would 
be i cent per pint. One pint of soap to 7 pints of water would be sufFiciently strong 
to kill the scales and their 6ggs. - 

A soap emulsion prepared cold is used extensively in and around Los Angeles. I 
have not seen any good results from it. If mixed with ^'^^ater free oil woukl'fioat on 
the top, and trees treated v/ith it would lose half their leaves and be arrested in 
growth for weeks. The fruit would be btirned and marked from the excessive caus- 
tic it contains. I have seen several hundred trees in such condition in the "Wolf skill 
orchard. The consistency of this particular mixture I could not learn. Never, and 
I have been assured so by experienced soap-men, can a proper soap be made except 
by cooking. Although my experiments ^5 and 71 show good results, I would not 
recommend them. 

_ : : RBSIN^ eOHPOTlNDS, ■ . - 

These I found excellent for destroyhig :Icerya, mid the few experiments made on 
the 'BrQd BgbIg {As^idiotm cawm^ifit) showed promising results; yet further experi- 
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ments are requirGd to be positive. The resin compound will penetrate the cottony 
mass of leery a as well as, or even better than , soap» Yet its actions are slower , and 
if not used sufficiently strong, even if all the eggs are destroyed, some of the mother 
scales will not be killed by it, or if so, only after they have left a few fresh eggs, 
which will in due time hatch. Such eggs, if few, are brought forth loose, i, e., 
without the usual protection of cottony exudation, and either drop to the ground 
or lie free above the destroyed egg-mass and under the dead mother. No doubt, 
many of these eggs never hatch, especially in hot weather. 

It is quite different with eggs which are deposited by females that really survive 
treatment; the usual cottony mass, is exuded, and thus: the eggs are protected as 
usual and hatch always. 

Its action on Red Scale is very promising, either mixed with soap or in simple 
emulsion, as experiments will show. Experiment 133, i pint of compound to 1 gallon 
of water, although costing only t cent per gallon of the wash, destroyed a large num- 
ber of the scales; and a few days after application the covering became loose from 
the insect, so much so that some of them could be blown off and leave the insects 
exposed, affording an excellent opportunity for the mites, with which the tree was 
swarmmg, and which do not seem to be harmed by the wash. 

A strong application of this emulsion will form a coating over everything on the 
tree, will exclude the insects from air for a few days, and will liave entirely disap- 
peared in a week in warm weather, as shown in experiment 134. 

LYE SOLUTION, 

A few experiments were made on hedges of young orange plants. Experiments 
108-118 will show the results. While in every case the plant was more or less in- 
jured, the insects alone were killed, or part of them, and the contents of egg-sacs 
were not in the least affected, even with so strong an application that the plant was 
destroyed entirely. _ . 

BISULPHIDE OF CABBON, 

A few experiments were made in fumigating with this article, but its action is too 
slow to be of value on large trees. Messrs, Woliskili and Craw have made several 
experiments, and on trees of about 8 feet in diameter all the scales were destroyed 
in twenty-four hours. The trees were greatly benefited by it, as I am informed by 
these gentlemen. 

KEROSENE EMULSION, 

The cost of this article is too high for general use as a remedy for the Cottony 
Cushion-scale. .An emulsion of '' kerosene 1 gallon, soft soap i gallon, and water 1 
gallon" (see experiment 41), cost about 24 cents for 2i gallons of the emulsion. This 
IS wholesale price. Three pints of this emulsion is required to 1 gallon of water to 
destroy both the Jcer?/a and its eggs. This would be about 18 cents for 7 gallons of 
the wash. 

In all the experiments made with this emulsion I have not seen the sKghtest injury 
done to the trees, as is the case with some of the soaps if used too strong. 

Made in this way with soap, it penetrates the cottony rnass more easily than if 
emulsified with some other substance. 

Very good results were had with emulsion of petroleum. As this could be bought 
at from 6 to 7 cents per gallon in large quantities and combined with soap, it makes 
a. reasonably clieap wash. The orange trees are left in an unsightly condition even 
for a month or six weeks after application, and it could therefore not be used on 
matTiring fruit; yet if properly tried it may do good work on other scales on de- 
ciduous trees in the dormant state. 

EXPERIMENTS.* 

I now give in some detail an account of the more instructive of the experiments 
made, noting resulta in each case. 

Empervment 1%. Sheep-dip. 

Sheep-dip, 1 pint; water, 15 pints. Applied July 9. On examination, July 16, found 
but few of the smaller scales killed; contents of egg-sacs not affected. Mr. Coquil- 
lett reported on other experiments with same mixtuie. 



^ It will be noticed that the numbers of the experiments are not perfectly con- 
secutive; but the omitted numbers Vv^ill be found under the head of the * 'Red Scale", 
in the last section of the report. 
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EoGperiment Emulsion of crude petroleimi, 

OnegaUon of crude petroleum; f ganon df soap of experiment 13 (consisting of 
wliale-oli, 4 pints; potash, 1 pound; concentrated lye, 1 pound; and water, ?! "gal- 
lons), and i gallon of water. Applied May 4, and reported on by Mr. Coquillett. 
Soap and water were heated together first and petroleum added. This made a good 
emulsion after working for half an hour with hand pump, and remained stable for 
the next three weeks. 

Emulsion, 1 pint; water, 1 gallon. Applied July 16. Will settle in drops on tree 
and not penetrate egg-masses. August 9, only a few of the smaller insects dead. 
Eeavesspotted, but not injured. . . ....... . : 

Experiment 20. Emulsion of crude petroleum. 

Emulsion, 3 pints; water, 1 gallon. Applied July 17. Will not penetrate egg-sac. 
August 9, found nearly all insects dead on trunk and large branches; young hatch- 
ing numerously. The trunk and large limbs of tree remained free from scales for a 
long time after. 

Emulsion, 1 pint; soap, 1 pint; water, 1 gallon. . Applied July 17, and penetrated 
nearly all egg-masses/ August 9, all insects killed and dry; a few of the e'-'-rs have 
hatched. '^^ 

" y Whale-oil soap and lime water. 

Made of fish-oil, 8 pints; potash, 1 pound; water (in which 1 pound of slaked lime 
had stood for twenty-four hours*), 4 gallons. 

Boap,ipint; water, 1 gallon. Applied July 31, Only a small part of scales killed 
anda tewof the smaller egg-masses destroyed. Killed about half of the youne 
Black Scale (JDecanmm oto). 

Experiment BoB.-p ^2, 

Soap, 1 pint; water, 1 gallon. Applied July 81. Will not penetrate all the lars^er 
egg-masses. August 8, a few of the mother scales still living; some youns; hatch- 
ing. September 14, insects were not numerous. 

Experiment %L Soap 22. 

Soap, H pints; water, 1 gallon. Applied July 31 on lemon tree, with trunk and 
branches completely covered with scales. Penetrated ail egg-masses. One hour ■ 
after spraying, many dead Coleoptera, Hemiptera, and lace-wing files were found on 
ground. August 8, occasionally a single living insect was found. Auo-ust 23 in^ 
sects few; very few young hatched; tree healthy and blooming. ^ 

S7j3mm6?t# 25. Whale-oil soap. 

Made of fish oil, 9 pints; crude potash, 3 pounds ; caustic soda, 1 pound; lime 3 
pounds; and water, 9i gallons. ' 

Soap, i pint; water, 1 gallon. Applied Jixly 31. Will penetrate only smaller e^2-- 
masses. August 9, only a small part of scales killed.. August 14, scales numerous- 
egg-masses covered with fungus. ' 



J7aqperime7it26. S^^ 

A Soap, 1 pint: water, 1 gaHon. Applied July 31. Will penetrate all egg-masses. 
August 9, nearly all scales killed; a few newly hatched young on tree. September 
14, scales few; tree in good condition. 

Experiment %1 , Soap 25. 

Soap, 1| pints; water, 1 gallon. Applied August 2. August 10, a few eo-gs found 
uninjured. August 14, soDie of tbo mother scales have produced fresh eS>-s before 
djing; others still living. September 14, scales quite numerous; tree healthy. 

Experiment Soap 35. 
Soap, 3 pints; water, 1 gallon. Applied August 5 on lemon trees. Nearly all the 
scales were ary the following day. August 14, no living scales could be found- 
tree not mjured. ' 

^1 ''^^p'S^^^ only the clear water^as taken after the lime had'^t- 

med to tlie bottom. . 
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^^pmmew^ 29, Soap S3. 

Soap, 2 pintB; water, 1 gaUoii. Applied Aiigust 6. August 10, found all scales 
and egg-maBses hard; tree xiot injured. September 15j many seales have come on 
tree again; it is iieaithy and bloomiiig. 

Experiment oO, Soap 35 and crude carbolic acid/ 

Soap, 6 pints; crude carbolic acid, emulsified, J pound; water, 6 gallons. Applied 
August 7. Did not penetrate egg-masses well. August 23, living scales quite nu- 
merous. 

Experiment ?iU Soap 35 and iDctroleum emulsion, 

Soap, 3 pints; emulsion, 1 pint; water, 3 gallons. Applied August 8. August 10, 
scales nearly all dead but not dry, having an inflated appearance. August 14, a 
few scales have xecoy er ed. September 14, tree clean ; scales very few. 

Experiment ^2, Soap 25. Petroleum emulsion. 

Soap, 3 pints; emulsion, 1 pint ; water, 3 gallons. Applied August 9. Destroyed 
all scales and eggs. September 14, occasionally one scale on branches only; none 
on stem. Tree healthy; fruit not injured or spotted. 

Experiment 34. Soap 35. Petroleum emulsion. 

Soap, 3 pints; emulsion, 1 pint; water, 2 gallons. Applied August 9. Found 
soaies andegg-masses hardened the following day and many dead insects on gi'ound* 
September 14j very few scales; stem and large branches entirely free; tree Iieaithy 
and growing. 

Experiments^, Soap made cold. Soap emulsion. 

One pound of potash was dissolved in 1 quart of water; 3 pints of fish-oil made 
lukewarm, and the lye slowly added under ^continued stirring; then ^ gallon of 
water, in which 1 pound of "slaked lime had been, was added. After two days 
water was added to make 36 pints, and in a week it had become an emulsion or ini- 
perfect soap. One pint of this (costing 1 cent) to 1 gallon of water. Applied Au- 
gust 11. Will penetrate all egg-masses well. August 14, found all scales and eggs 
destroyed. August 17, black sticky drops remained on fruit and leaves had begim 
to drop. September 14, occasionally one young scale; black drops had disappeared 
from fruit, not leaving any mark. About one-quarter of- the leaves have fallen. 

ExpeHmmt 

Heated emulsion to cobking-point ; then took 1 pint to 1 gallon of water. . This did 
not penetrate egg-masses well, and many of the larger remained dry inside. De- 
stroyed all of the scales, but soine of the eggs hatched and young became numerous. 
Many leaves dropped. 

Experiment Z^l, i^h^^ 

Made of potash, 1 pound; fish-oil, 3 pints; and water to make 36 pints of soap, 
costing i cent per pint. 

Soap, 3 pints; water, 1 gallon. Api3lied August 13. This penetrated all egg- 
masses well, and all the scales were found dead the next day. August 17, scales 
and egg-masses hard. 

Experiment BS, Soap 37, 

Soap, 1 pint; water, 1 gallon. Applied August 13. Will not i)enetrate egg-masses 
well. About half of the eggs and scales killed. 

Expey-'iment Sd, Soa,pd7. Petroleum emulsion. 

Soap, 5 pints; emulsion, 1 pint; water, 43 pints. Applied August 13. Tree well 
Sprayed. All the scales were found dead the next day. Only a few of the eggs 
hatched, but scales were numerous again St3ptember 14. 

_Ex2^erimentA0/ Soap o7. Petroleum emulsion. 

Soap, 5 pints; emulsion, 1 pint; water, 4 gallons. Applied August 16. _ On the 
IStii all the scales killed; egg-masses hard. Aiigusc 33, a few scales on stem again. 
September 14, scaj.es increasing, especially on stem; tree and fruit not injured or 
discolored. 
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^pertmen^ 41. Kerosene emulsion. 

KerosoiiG, 1 gallon; soap^ 074 gallons; water, 1 gallon. Soap and water heated 
and ail worked together for lialf an hour with pump. Tliis formed a cream- white 
emilsion and became as thick as cimm on 

- Oiie pint of this emulsion to 1 gallon of water. Applied August 16, Did not peri- 
etrata egg-masses; killed only a small part of young scales. September 14, tree full 
-■of. scales. - " " 

£^ir;perm6?^^ 43. Kerosene emulsion 41. 

Emnlsion, 2 pints; water, 1 gallon. Applied August 16. Did not penetrate egg- 
masses well. Found next da J about half of the egga destroyed, also about half of 
the scales were dead; several dead Goleoptera on ground. August 28, a few of the 
scales still living; eggs hatching. September 14, a few of the mother scales stiii 
living; ^'^oung hatching numerously. 

Eo[yperime7it 4^. Kerosene emulsion 41; soap 37. 

Emulsion, 1 pint; soap, 1 pint; water, I gallon. Applied August 16. Tree well 
sprayed; penetrated nearly all the egg-masses. August 33, a few insects still livino-. 
September 14, scales numerous; Black ScsXe {L, olece) not all dead. 

Experiment i4:. Kerosene emtilsion 41 j soap 37. 

EmulBion, 1 pint; soap, 3 pints; water, 4 gallons. Applied August 16. Tree 
sprayed well, and nearly all egg-masses were found wet. August 18, about half of 
the scales dry, the others still soft but inflated; some of the egg-masses dry in center, 
August 33, young hatching.occasional^^^ September 14, scales numerous again. 

Experiments^, Kerosene emulsion 41; soap 37. . 
Emulsion, 1 pint ; soap , 3 pints ; water, 3 gallons. Applied August 17. Had pen- 
etrated all egg-masses well after spraymg; found 3 dead larvss of Tortrix on stem, 
destroyed by wash. August 23, occasionally one living- insect; no young hatching' 
September.l4, few insects on branches, but stem full. 

-Experiment s, Kerosene emulsion 41; soap 37. 
Emulsion, 1 phit; soap, 5 pints; water, 6 gallons. Applied August 17 on lemon 
tree. Did not penetrate egg-masses well; killed one-half of the eggs and three- 
fourths of the scales. In a short time the toe was full again. 

Experiment AT, Kerosene emulsion 41 ; soap 37. 

Emulsion, 1 pint; soap, 5 pints; water, 4 gaUons. Applied August 18. Oocasion- 
ally -one of the mother scales survived, but very few young hatched. 

Experimental, Kerosene emulsion 41. 

Emulsion, 3 pints; water, 1 gallon. Applied August 25. Ti^ee full of Jcer^a and 
Red Scales. Penetrated all egg-masses well; killed eggs and insects of Icerya, Only 
a few young of Red Scale hatched; old all destroyed. 

Experiment ed. Tar soap. 

Made of fish-oil, 2 pints; pine tar, 1 pint; potash, 1 pound; water, 4 gallons. 

Soap, 1 pint; water, 1 gallon. Applied August 31. September 10, some of the 
motner msects still hvmg and producing fresh eggs, September 18, all insects cot- 
ered with fungus; some of the mother scales Hying; young hatching. 

Experiments, Tar soap 63. 

Soap, 3 pints; water, 1 gallon. Applied August 31. Penetrated all ep-g-masf^es 
well, and all scales and eggs were destroyed; tree not injured. 

-EJa^jpmmerii 65. Tar soai3 63. 

Soap, -I pint; water, 1 gallon. Applied August 31. Killed only a small part of 

young scales and small egg-masses. 

/ Experiment l^oh^^.cGo Bosqy. 

^^Madeoftobacco, i poimd; fish-oil, 3 pints; potash, 1 pound; and water to make 

42 pmts or soap," . . - : - 



* Th© IP^^acco is placed in a bag and well cooked with part of the lye, and this is 
added alter the soap is comi3lete. ; ^ 
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SoaPj 1 jmxt ; water, 1 gallon, Aj)plied September % Penetrated only smaller egg- 
masses welL September 6, occasionally one scale living; no young as yet have 
hatched. September 11, scaleB still dyiag; largo females, although liYiB.g, yet soft 
and sickly; noticed many walking down on trunk of tree. No newly hatched 
young could be found, November 4, scales few; tree in good condition. 

Experiment Tobacco soap 68. 

Soap, If pint; water, 1 gallon. Applied September 2. Will not penetrate egg- 
masses well. November 6, no living insects found. November 11, occasionally one 
moving scale ; nearly everything dry. September 14, a few of the mother scales are 
depositiiig iresh eggs, but without cottony mass, lying ezposed. November 4, scales 
very few; tree healthy. 

- - \ - ■ ^iepenmgnt 70. Tobacco soap 68, 

Boap, 2 pints; water, 1 gallon* Applied September 2. Will penetrate all egg- 
masses if sprayed well. Pump broke and tree was not sprayed well. September 6, 
all eggs destroyed and nearly all the insects; a few were observed leaving the tree. 
September 18, quite a number of living scales on tree; some still dying. November 
4> scales few; tree healthy. 

Experivient ^1, Soap emulsion 35, 

Another trial of this emulsion was made; contents same as in 35. The mixture 

was stirred every day and used on the tenth day. 

One pint of this emulsion to 1 gallon of water. Applied September 2 on large tree; 
10 gallons of the wash used. Penetrated all egg-masses. September 6, all eggs and 
Btmm destroyed. Result about the same as in 25, but not quite as many leaves fell. 
October 7, tree remarkably clean, growing well; fruit not marked, 

ExperimmtM, Whale-oil soap. 

Made of whale-oil, 8 pints; potash, 1 pound; water to make 40 pints of soap; cost- 
ing about i cent per pint. This was not as perfect as when only 3 pints of oil were 

used. 

Soap, 1 pint; water, 1 gallon. Applied September 6. Result, about three-fourths 
of scales and eggs killed. . _ 

Edc^eriment 1^. Soap 

Soap, 11 pints; water, 1 gallon. Applied September 6. Result; Will destroy eggs 
and scales,l>ut also tips and budding leaves or tender shoots; the older leaves did 
notfaU, 

Experiment *1{ 6. Soap 74. 

Soap, 2 pints; water, 1 gallon. Applied September 6. BjUed scales and eggs; 
residt oil fi:ee about the same as in 75, 

Experimental, Tallow soap. 

Made of tallow, 2| pounds; resin, j pound; potash, 1 pound; and water to make 
34 pints of soap; costing i cent per pint. 

Soap, 1 ptut; water, 1 gallon. Applied September 9. Wash will penetrate all 
egg-masses well. September 10, eggs and insects destroyed ; nearly everything hard. 
Nothing escaped this wash, and the tree was not m the slightest injured or arrested 
in its growth. 

Experiment 78. Soap 77. 

Soap, 1^ pints; water, 1 gallon. Applied September 9.. Killed scales and eggs; 
tree not injured. 

Experiment ed. Soap 77. 

Soap, i pint; water, 1 gallon. Applied warm, September 9. Penetrated only 
smaller egg-masses well. Ahout half of t^ 

JSJa?peWme?t^84. Soap of fish-oil, tobacco, and res 

Made of fish-oil, 2 pints; resin, i pound; tobacco, ^ pound; potash, 1 pound; and 
water, 3 gallons. 

Soap, i pint; water, 1 gallon. Applied September 11. Many of the scales survived, 
and only small part of the eggs were destroyed. 

Experiments^. Soa.p 84, 

Soap, 1 pint; water, 1 gaUon. Applied September 11. September 18, some of the 
scales hardened and others became inflated. One of the mother scales deposited 0 
more eggs before dying and one of the young hatched. On September 32 all had 
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hardened. October 5, no young scales; tree covered with fungus. November 4, 
- fungus looss; ; scal^^^^^ 

^a^penmen^ 86. Soap 84. 

Soapj pints; water, 1 gallon. Applied September 11. On the 18th some of the 
insects were still djing, On the 30th all were hard. October 5, tree full of fungus ^ 

Experiment 87. Soap 77. 

Soap, i pint; water, 1 gallon. Applied September 11, Tree well sprayed, and 
most of the egg-masses were penetrated by wash. Result; Nearly all the eggs de- 
stroyed; only a few mother scales survived and produced fresh eggs. 

Experiment 88. 'Resin. soB.^, 

Made of resin, 2 pounds; tallow, 1 pound; potash, 1 pound; and water to make 20 
pints of soap; costing I cent per pint. 

Soap, i pint; water, 1 gallon. Applied September 18. Penetrated all egg-masses 
well. September 18, some of the scales began to dry up; no fresh eggs. September 
22, all dead, but not hard. October 4, occasionally one young scale; tree in fine 
condition. " 

Experiment 89. Sosi-p 88* 

Soap, 1 pint; water, 1 gallon. AppHed September 13. The scales were all dead 
on the 22d, but not hard. October 5, scales and eggs destroyed; tree in good con- 
dition. 

Experiment W. Soap 88. 

Soap, a pints; water, 1 gallon. Applied September 13. Destroyed scales and eggs, 
although they were not hard on the 22d. October 5, no living scales; tree in good 
condition. 

Experiment ^2. TohsLCcosoa-p, 

Made of tobacco, ^ pound; tallow, 1^ pounds; resin, 11^^ pounds; potash, 1 pound; 
and water to make 40 joints of soap; costing cent per pint. ^ 

Soap, ^ pint; water, 1 gallon. Applied September 15= Tree well sprayed. Ee- 
sult: Nearly all the scales and eggs destroyed; scales die very slowly; some Hemip- 
tera and Cocoinellids found dead on ground. 

Experiment ddy SoEL-p 

Soap, f pint; water, 1 gallon. Applied September 15. September 17, all eggs and 
scales seem to be destroyed. September 22, insects not yet all dry, but dead; tree 
in very good condition. Wash sufficiently effective. : 

ExperimentM, Soapd2, 

Soap, 1 pint; water, 1 gallon. Applied September 15. Penetrated all egg-masses 
well and destroyed everything, September S3, scales not hardened; nothing living. 

Experimented. Eesin soap. 

Made of resin, 3 pounds; tallow, 1 pound; potash, 1 pound; and water to make 33 
pints of soap; costing -^ cent per pint. 

Soap, i pint; water, 1 gallon. Applied September 20 on large and dirty tree full . 
of fungus, alinost covering some of the egg-masses. Nearly all the eggs were de- 
stroyed. . Some of the mother scales recovered and produced fresh eggs. 

Experiment too, Bosi-p 99, 

Soap, f pint; water, 1 gallon, Applied September 20. Had penetrated all egg- 
masses after spraying. September 22, nearly all scales killed. October 12, occa- 
sionally one livmg scale. 

Experiment lOh Bosbp 99, 

Soap, 1 pint; water, 1 sallon. Applied September 22, Some of the mother scales 
were Btill living on the 24th, yet all had died on September 30, but were not dry. 
November 2, tree nearly clean of scales. It was also tnickly infested with Red Scale, 
but all these were killed. 

Experiment 102, Soap 77 and lime water. 

One pound of slaked lime in 20 pints of water. After the water became clear i 
pint of this was taken with ^ pint of soap to 7i pints of pure water. Applied Sep- 
tember 24. Result: AH eggs destroyed and scales all dead after six days, although a 
few fresh eggs were left. Tree not injured. The trees were very thoroughly 
sprayed. The result would not have been so good with a light spraying. 
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J^emwewt 103; Tobacco soap 93; lime water 102. : 
Bom, I pint- lime water, i pint; water, 7^ pints. Applied September 24. ^ Result 
not as good as in 102, as a mmaber of mother scales survived. October lOuncL a 
number of living scales , fresh eggs , and newly hatched young. 

Experiment WL Resin soap 99; Hme water 103. " " 

Soap^ i pint; lime water, i pmt; water, 7^ pints. Apphed September M. Result 
as in 102 ; very few living scales October 4 

Potash, 1 pound; water, 3 gaUons. Apphed September 29. Result; Killed all in- 
sects, but did not injure contents of egg-sacs; nearly ah leaves dropped; tenaer 
shoots kiUed and bark burned. 

ExperiTTLent 109, Babbitt's potash lye. 

Potash, 1 pound; water, 4 gallons. Applied September 29. Result: KiUed scales; 
did not injure contents of egg-sacs; tips of plant destroyed; leaves badly burned m 
spots. 

Experiment 110. Babbitt's potash lye. 

Potash, 1 pound; water, 6 gallons. Apphed September 29. Khled all free young 
and nearly all of the mother scales, contents of egg-sacs uninjured; tips of plant 
broken off; leaves spotted in parts. 

^£Cj9enmeni 111. Babbitt's potash lye. 

Potash, 1 pound; water, 8 gaUons. Applied September 29. Only part of scales 
killed; contents of egg-sacs uninjm^ed; tips of plant injured; leaves spotted m parts. 

i^^cpeWmeni 112; Babbitt's concentrated lye. 

Concentrated lye, 1 pound; water, 2 gallons. Applied September 29. Scales all 
killed; contents of egg-sacs uninjured; all leaves dropped; tips of plant killed; bark 
bnrhed in parts. . 

Experiment 113. Babbitt's concentrated lye. 

Concentrated lye, 1 pound; water, 4 gallons. Apphed September 29. Killed all 
scales, not injuring contents of egg-sacs; tips of plant killed; one-third of the leaves 
dropped, remainder all spotted. 

- Expeinment 1\L GiUett's concentrated lye. 

Concentrated lye, 1 pound; water, 1 gallon. Apphed September 29. Scales all 
kiUed; contents of egg-sacs uninjured; plant entirely kiUed. 

Experiment 11^. Ghlett's concentrated lye. . ^ 

Concentrated lye, 1 pound; water, 2 gallons. Applied September 29. Killed all 
scales; contents of egg-sacs uninjured. Some of tiie shoots killed near gi*ound; only 
a fetr leaves remaining near the ^ound, 

^irpermenf 116« Gillett's concentrated lye. 

Concentrated lye, 1 pound; water, 4 gallons. Apphed September 29. Killed scales, . 
not injuring contents of egg-sacs; tips of plant destroyed; leaves spotted. 

Experiment ing GiUett's concentrated lye. 

Concentrated lye, 1 pound; water, 6 gaUons. Apphed September 29. About half 
6f the mother scales survived; contents of egg-sacs not injured; tips of plants ae- 
stroyed. 

Experiment 118, Gillett's concentrated lye. 
Concentrated lye, 1 pound; water, 12 gallons; Applied September 29. Only a 
few of the scales killed; contents of egg-sacs not injm-ed; tips of plants destroyed. 

Expenment 119. Lime water. 

One pound of slacked lime in 20 pmts of water. Applied September 29. Killed 
only a few of the scales ; all became completely covered by fungus. This had disap- 
peared again November 4, and insects were in good condition. 

Experiment 1%0» Resin soap, 

llade of resin, 3 pounds; tallow, 1 pound; caustic Boda, 1 pound; and water to 
make 85 pints of soap; costing i cent per pint. 



REPORT OF THE ENTOMOLOGIST. 567 

Soap^ t pint; water, 1 gallon. Applied October 4 on large tree. Three gallons of 
wash were required; only lightly sprayed. Scales died slowly; mother scales left a 
few fresh eggs. October 14, occasionally one young scale found. 

[All experiments after 12^ 

Experiment 12t. Soap 120. 

- Soap, 1 pint; water, 3 gallons. Applied October 4. Will penetrate egg-masses in 
about 3 minutes. A few of the scales recovered and produced fresh eggs. 

Experiment 122. Resin compound. 

Made of resin, 4 pounds; soda ash (pure carbonate of soda), 1 pound; water to make 

36 pints of compound; costing 11 cents. 

Compound, 1 pint; water, 3 gallons. Applied October 4. Only penetrated smaller 
egg-masses. Killed only a few of the smaller scales, and a few eggs only were de- 
stroyed. 

Expertment 12S, Resin compound 122, 

Compound, 1 pint; water, 2 gallons. Applied October 4; did not penetrate egg- 
masses well, and only about half of them were destroyed. Many mother scales sur- 
vived. 

^ . Experijnent 124:i Resin compound 122. 

Compound, 1 pint; water, H gallons. Applied October 4. Penetrated all but the 
largest egg-masses well. Some of the mother scales and some eggs escaped. 

_ , ; Experiment 125, Resin compound 123, 

Compound, 1 pint ; water, 1 gallon, Applied October 4. Penetrated all egg-masses 
well. A few of the mother scales survived ahd produced fresh eggs. None of the 
eggs sprayed have hatched. 

Experiment 126. Resin soap 120. 

Soap, 1 pint; w:ater, 4 gallons. Applied October 4. Penetrated only smaller egg- 
masses. Killed most of the smaller scales, but only a few of the smaller egg-masses 
were destroyed. 

E'xperivtent 129, Resin compound. 

Made of resin, 4 pounds; common washing soda (cai'bonate of soda), 3 pounds; 
water to make 36 pints of compound; costing cent per pint. 

Compound, 1 pmt; water, 2 gallons. Applied October 7. Will penetrate only 
©mailer egg-masses. A few young scales only arid small portion of eggs destroyed. 

Experiment 1^0/ Resin compound 129« 

Compound, 1 pint; v/ater, U gallons. Applied October 7. Bid not penetrate 
larger egg-masses. Destroyed all sma;ller ones and a few of the mother scales. 
November 4, scales numerous on tree. 

Experiment 131. Resin compound 189, 

Compound, 1 pint; water, 1 gallon. Applied October 7. Penetrated all egg-masses 
well on slight spraying. October 11, a few mother scales, which were protected by 
fungus, still living. October 14, all scales dead; occasionally a few eggs left among 
fungus. . " _ . . ^ 

i7a;j)eHmenf 134. Resin compound 129. • 

Half compound and half water, to see effect on plants. Applied October 7, Will 
penetrate egg-m.asses instantly on application. All scales and egg-masses hard on 
examination two days after ; plant as if varnished and sticky. Th is had disappeared 
on October 13, leaving the plant in excellent condition, not a leaf having dropped. 

Experiinent 1S5, Resin compound. 

Made of resin, 4 pounds; caustic soda, 1 pound; and water to make 33 pints of 
compound; costing -I- cent per pint. 

Compound, 1 pint; water, 2 gallons. Applied October 8. Will penetrate only 
smaller egg-niasses on light spraying; many of the mother scales survived and 
young were numerous November 4. 

Experiment IM, Resin compound 135, 

Compound, 1 pint; water, 1^ gallons. Applied October 8. Did not penetrate larger 
egg-masses well on light spraying; many of the mother scales survived, and Oetober 
25 occasionally a single young eould be foimd.8 
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Experiment Resin compound 135. 

Compound, 1 pint; water, 1 gallon. Applied October 8. .Will penetrate all egg- 
masses well on light spraying in al»oiit two minutes . October 1 1 , some of the mother 
scales still living; but no fresh eggs could be observed. October 14, scales all dead. 
November 4, no young have Imtchecl; tree not injured. 

Experiment 138. Resin soap. 

Made of resin, 3 pounds; tallow, 2 pounds; caustic soda, 1 pound; and water to 
make 28 pints of soap; costing cent T)er pint. - 

Soap J 1 pint; water, 2 gallons. Applied October 14. Did not penetrate egg-masses; 
killed most of smailler scales, but had iio effect on cont^^^ egg-sacs. 

Experiment Vd%, Soap 138. 

Soap, 1 pint; water, 1^ gallon. Applied October 14. Will penetrate only the 
smaller egg-masses well, October 16, all scales are dead. November 4, no young 

had hatched. 

Experiment l^Qu Soap lSS. , , 

Soap, 1 pint; water, 7 pints. Applied October 14. Will penetrate all egg-masses 
well on light spraying. October 16, no living scales could bo found. 

Experiment Resin compound, , ^ - 

Made of resin, 4 pounds; washing soda, 3 pounds; and water to make 24 pints of 
compound. This is somewhat thick, and will not so readily mix with water as 1S9, 
especially after cooling. / 

Gompound, 1 pint; water, l^ gallon^ Applied October 15. Penetrated all egg- 
masses and destroyed them; some of the mother sc-ales produced fresh eggs before 
dying. -Fomid no living scales October 25; 

jE7a?jpmm6*Zrri43, Resin 

Compoiind, 1 pmt; water, 1 gallon, ; Applied October 15. Will penetrate all egg- 
masses well in about 3 minutes with light spraying. Pound no living scales Octo- 
. ber 16. : ^ 

J5JajjpmV?i€ni 143. Resin compound ^^M^^ 

Compound, 2 pints; water, 1^ gallons. Applied October 15. Will penetrate im- 
mediately. October 16, nothing liying. October 28, scales still soft, but rotten. 
November 4, no living scales on tree, wliich was left in fine condition, with the wash 
still visible. 

Experiment li4i, "RGBm. b02l-]^. 

Made of resin, l^ pounds; tallow, 1^ pounds; caustic soda, 1 pound; and water to 

make 33i pints of soap; costing 4 cent per pint. 

Soap, 1 pint; water, 2 gallons. Applied October 18. Penetrated all but a few 
large egg-masses well with light spraying. October 23, all scales dead; no fresh 
eggs. October 28, found occasionally one newly hatched larva. 

Experiment Xi^, Soap 144. 

Soap, 1 pint; water, li gallons. Applied October 18. Destroyed all eggs and in- 
. :Sects. - - . ■ 

. ExperimeritA:4^^» Soap 144. 

Soap, 1 pint; water, 1 gallon. Applied October 18. All egg-masses well pene- 
trated after spraying; destroyed all eggs and scales; not the slightest injury done 
to the tree., " 

Experiment 152, Resin soap. 

Made of resin, 3 pounds; tallow, 1 pound; caustic soda. 1 pound; and water to 
make 25 pints of soap ; costing 11 cents. 

Soap, 1 pint; water, 2 gallons. Applied October 27. Vfill penetrate nearly all 
egg-masses with light spraying. November 1, all scales dead; no fresh eggs left; a 
few of the old eggs will hatch. . _ 

ExperiTiimit 158. Soap 152^ . - 

Soapy l pint; water, H gallons. Applied October 27. Will peiielrate all egg- 
masses well in about two minutes after a light spraying. Next day some of the 
mother scales were still living, but all were dead October 30, and no fresh eggs were 
left, November 4, notliing living; fungus loosening and coming olf; tree in fine 
condition. 
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Experiment l^'l. Resin compound. 

Made of resin, 30 pounds; caustic soda, 3 pounds; and water to make 230 gallons 
of wash; at a cost of 60 cents. Sprayed by Mr. Alexander Craw, and reported in 
letter of November 22. WMte Scale when well saturated die, but when only lightly 
sprayed form new wax. Black Scale all dead. As a wash for Black Scale in the 
fall and winter it will be admirable, but for the most thorough work only 180 gal- 
Ions of water should be taken. 



Experiments on Fitmigation mUh BimlpM 

' JEJa?j9mme%^^ 1.— Sept^ One and a half fluid ounces in 1 -pound tin can 

were sat on the ground near young shoots of orange, and a 50-gallon cask placed 
over this for three hours. After removing cask only haK of the carbon had evapo- 
rated; scales seemed to be dead. On examining next day found all of them living, 
l(/^cpmme^^^ 2,— September 29. Poured three-fourths fluid ounce into bottom of 
cask; placed this over young plants at 3 p. m.; left until 1 p. m. next day. All 
the insects were found dead, and had changed their color to a light hyacinth red. 
October 4, leaves began to drop. October 7, nearly all eggs had changed to straw 
color. About three-fourths of the leaves dropped, and the plant had not recovered 
November 1. 

Experiraent "3.— September 30. One and a half fluid ounces in 1-pound tin can set 
under cask and left for 20 hours. Destroyed all scales and eggs. About one-tMrd 
of the leaves dropped. 

Experiment A.— OGtdb^v 1. One and a half fluid ounces poured Into cask and 
placed over plants for 3 hours. Killed all scales and eggs. No leaves dropped, and 
the plant has not in the least been injuredv ■ 

Experiment 5,— October 14. Made on tree about 7 feet high and 5 inches in diam- 
eter, under tent. Two fluid ounces in shallow tin pan placed in middle of tree from 
11 a. m. until 3 p. m. Destroyed all the scales except those on a few of the lowest 
branches, where the eggs also remained uninjured. Tree not injured; no leaves 
dropped. 

Experiment^.-^OctdbeY 22. On tree about 8 feet in diameter, under tent. Six . 
fluid ounces in shallow tin pan set in middle of tree at 8.30 p. m. and left until 6.30 
p. m. Had no effect whatever on scales. 



EXPERIMENTS ON RED SCALE (^SpldiOfMS aurantil). 

Experiment SB, Soap 25. 

^Soap, 2 pints; water, 1 gallon. Applied August 6. August 14, nearly all scales 
killed; a few mother scales with eggs and young living. October 5, only a few 
newly formed scales could be found. 

Experiment 4S, Kerosene emuisidn and soap 37. 

Kerosene emulsion, 1 pint; soap, 5 pints; water, 4 gallons. Applied August 18. 
Tree full of scales; soaie of the branches already destroyed. August 23, many young 
scales have hatched ; only part of large scales dead. September 24, about one-fifth 
of old scales Hying; niany young on tree, ; 

Experiment 49. Soap 37. 

Soap, 3 pints; water, 1 gallon. Applied August 18, Tree thickly infested with 
loerya a^nd Red Scales. August 23, scales nearly all dead and dry; a few young. 
September 24, a few of the old scales still Living; occasionally a young larva found; 
tree in good condition. 

Experiment 60, Boapd7. 

Soap, 3 pints; water, 1 gaUon. Applied August 18. Tree thickly infested with 
scales; half of the branches killed. August 23, about half the leaves have dropped. 
September 6j leaves have ceased dropping; tree recovering; occasionally one voung 
scale found. September 18, tree pushing out new shoots. November 4, tree grow- 
ing vigorously; young scales very few. 

Experiment 62f Kerosene emulsion 41. 

Emulsion, 4 pints; water, 1 gallon. Applied August 25 on tree infested with 
leery a a.nd Red Scale. August 2S, leery a all destroyed, Red Scales apparently so. 
September 24^ a few gravid females still living; occasionally a single newly formed 
scale. 
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: Experiment hZ, Kerosene emiilsion 41; soaj) 37. 

Emulsion, 2 pints: soap, 1 pint; water, 1 gallon. Applied x^ugust 25. August S8, 
many young scales forming. September '7, about 10 per cent, of old scales living; 
many young forming. November 4, tree swarming with scales. 

Experiment Kerosene emulsion 41; soap 37. 

Emulsion, 1 pint; soap, 2 pints; water , 1 gallon; Applied August 25. Septem- 
ber 7, found two motlier scales living; young forming quite numerously, October 
5, tree full of young scales. 

Experiment s^. Kerosene emulsion 41; soap 87, 

Emulsion, 3 pints; soap, 1 pint; water, 1 gallon. Applied August 25 on small and 
faded tree. September 7, leaves nearly all off; many young scales forming.. Sep- 
tember 22, branch.es all dead; many yoimg scales on stem; no living adults. 

Experiments. Kerosene emulsion 41; soap 37. 

Emulsion, 1 pint; soap, 3 pints; water, 1 gallon. Applied August 25, August 28, 
found a few living young under mother scale. September 7, many newly formed 
scales. ; September 24, old scales all dead; young quite numerous. October 5, scales 
very few; tree doing well, 

IJ^Kpemne?!^ 57. Kerosene emulsion 41. 

Emulsion, 5 pints; water, 1 gallon. Applied August 81 on small and sickly tree- 
September 7, no living old scales; only two Kving young could be found. Septem- 
ber 24, leaves all off ;. scales few, October 5, tree puslung out new shoots on stem; 
some branches stiLL living. November 4, tree growing; scales few. 

Experiments^, Kerosene emulsion 41. 

Emulsion, 6 pints; water, 1 gallon. Applied August 31. Tree lightly sprayed, 
September 22, a few of the mother scales still living; young forming (juite numer- 
ously, October 5, no living old scales; young few; tree in good condition. 

\ Experiments'^. Kerosene emulsion 41. 

Half emulsion and half water. Applied August 81, Tree sickly and thickly in- 
fested with Ice?'^a and Eed Scale; also many Black Scales; many branches already 
dead. On very careful examination September 7 found one gravid female still liv-_ 
ing and some young scales forming. September 24, tree bringing forth new shoots 
on stem; young scales quite numerous. October 5, upper part of tree all dead, al- 
though growing well b^ow; scales few. 

Experhnent W, BoBjp Zli 

Soap, 4 pints: water, 1 gallon. Applied August 31 on small and faded tt'ee thickly 
infested with Jcer^a and Red Scale. September 7^ found two moving young; leaves 
remaining only on lower branches. September 24, tree nearly dead; trunk again 
covered with 7cer2/a. October 5, tree shooting out below; scales few. 

Experimental, Soap 37. 

Soap, 6 pints; water, 1 gallon. Applied August 31 on small and withered tree full 
of /cer^a, Red and Black Scales. September 7, all scales destroyed; occasionally 
one young forming. September 24, a few yoUng scales; tree shooting out again. 
October 5, hardly any Eed Scales, yet the tree iis covered again with Cottony Cushion- 
scale, ; . ^ . _. ■ ..; 

Experiment 62. Soap 87. 

Hall soap and half water. Applied AugTist 31, September 7, scales all destroyed; 
on careful examination only one moving young could be found; only a few leaves 
had dropped. October 5, tree shooting out everywhere. November 4, tree almost 
free from scales and growing vigorously. 

Experiment QQ. Tar soap 63. 

Soap, 2 pints; water, 1 gallon. Applied September 2 on tree that had been nearly 
killed by the scales. September 6, scales not all killed; young hatchmg numeroush% 
October 5, some of the older scales still living; young numerous; tree nearly dead. 

JSajperimeni^ 67. T 

Soap, 4 pints; water, 1 gallon. Applied September 2 on large tree covered with 
scales, September 22, found only a very few young; old acaies aU dead| toe not 
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injured by wash. November 4, on careful examination only a few young scales 
could be found. 

^ajperimetii 72. Tobacco soai3 68. 

Soap, 2 pints; water, 1 gallon. Applied September 3 on thickly infested and nearly 
dead tree. September 23, only about three-fourths of the scales killed. October 5, 
living scales of all sizes present, but not abundant. 

■ ' j5Ja?j3erzme7it 73; Tobacco soap 68. 

Soap, 4 pints; water, 1 gallon. Applied September 3 on small and sickly tree; 
some of the branches already killed by scales. September 7, scales not yet all dead; 
tips of young shoots somewhat injured, and a few of the old leaves dropping. Sep- 
tember 22, no living scales; tree recovering. October 5, not a single scale could be 
found on most careful examination; tree in fine condition, growing vigorously. 

Experiment Soap 77. 

Soap, pint; water, 1 gallon. Applied September 9. September 18, only a small 
part of the scales killed. October 5, about four-fifths of the scales dead. 

Soap, If pints; water, 1 gallon. Applied September 9, September 18, all scales 
killed; not the slightest injury done to tree by wash. October 5, not a living scale 
could be found; tree in fine condition. 

j&iCi?mmewt 95. Tobacco soap 92. 

Soap, 1 pint; water, 1 gallon. Applied September 18. October 5, scales nearly 
all killed; young hatching quite abundantly. October 28, no living adults; young 
numerous. 

J/icpenmenf 96. Tobacco soap 92. 

. Soap, 2 pints; water, 1 gallon. Applied September 18. October 5, a few gravid 
females living; a few young hatching. October 28, only young scales could be 
foundy but these were quite numerous; tree in good condition, 

^Jaqpenme^t 97. Tobacco soap 92. 

Soap, 3 pints; Water, 1 gallon. Applied September 18. September 24, tree not 
injured. October 11, all scales dry; no young could be found. 

^^^cJ9m7?^ew^ 98. Resin soap 88. 

Soap, 1 pint; water, 1 gallon. Applied September 18. September 24, scales dying 
slowly; blossoms and budding leaves not injured. October 5, occasionally one 
gravid female living; very few young. 

'Experiment 105. Resin soap 99, 

Soap, 1 pint; water, 1 gallon. Applied September 27. October 5, scales appar- 
ently all killed; found two newly-formed young. October 11, old scales all dead; 
young quite numerous. 

Experiment lOQ. Resin soap 99. 

Soap, 2 pints; water, 1 gallon. Applied September 27. October 5, scales appar- 
ently all dead; have changed in color; a few leaves dropping. October 11, scales all 
killed; not a single young scale could be found; tree not injured. 

Experiment 107, "Resin Boap 99. 

Soap, 4 pints; water, 1 gallon. AppHed September 27. October 5, all scales dis- 
colored; not yet diy ; leaves dropping. October 7, leaves still dropping. October 
11, leaves have ceased dropping; all scales dead; no young. October 28, not a liv- 
ing scale could be found; tree in good condition. 

Experiment 127, /Resin Bosbp- 120, 

Soap, ! pint; water, 1 gallon. Applied October 4. October 11, all young and 
nearly all old scales dry ; found two moving young. October 16, scales all dead. 
November 4, occasionally one young scale. - 

Experiment 12S. Resin soap 120. 

Soap, 2 pints; water, 1 gallon. Applied October 4. October 11, all scales dead 
and dry; tree not in the least injured. On the most careful examination, October 



612 REPOET OP THE COMMISSIONEB OF AGRICULTURE. 



16 and SS/ and November 1 and 4, 1 was unable to find any liTing scales; tree was 
growing nicely at Last-mentioned date. 

Experiment Resin compound ISO. 

Compound, -V pint; water, 1 gallon. Applied October 7- October 12, all young 
scales dry; old Bcales all looBe and ckanged in color. October 15, old scales seem to 
be dead., yet not dry; found many dead young under mother scales. November 4^ 
about three-fourths of the scales killed; they became firrp. again on the leaves after 
two weeks; mites very numerous, ; 

Experiment Resin compound 129. 

Cnmpound, 1 pint; water /I gallon. Applied October T. October 12, nearly all 
scales dead and dry and changed in color; ali the scales on insects that were not 
dry loose and easily removed; mites very numerous. October 15, no living scales 
could be found. October 22, found three newly formed scales. November 4, very 
few young and no living old scales could be found; tree not in the least injured; no 
, leaves dropped. 

Experiment 147. Resin soap 144. 

Soap , 1 pint ; water , 2 gallons . Applied October 23. October 28, found several 
moving young and a few newly formed scales, November 4, a few gravid females 
still living; young increasing. 

Experiment Resin soap 144. 

Soap, 1 pint; water, 1 gallon. Applied October 23. October 28, all scales killed; 
found oiie moving young. November 4, occasionally one young; no old scales could 
be found. 

Experiment 1^% 'Re%m.ms.'^14A. 

Soap, 2 pints; water, 1 gallon. Applied October 23. October 28, budding leaves 
destroyed; old leaves dropping. November 1; a few leaves still dropping; tree had 
been in poor condition, and this experiment was made chiefly to see result of wash. 

Experiment 154. Resin soap 152, 

Soap, 1 pint; water, 1| gallons. Applied October 27. November 8, nearly all 
scales Mlled; some of the mother scales not yet dry. 

J7a;j>erimenf 155. Resin soap 152, 

Soap, 1 pint; water j 1 gallon. Applied October 27, November 3, found all scales 
dead; ho young could be found. 

^ojj^eHmmt 156, Resin compound 

Compound, 2 pints; water, 1 gallon. Applied November 2. November 4, aU 
scales have changed on tree as well as on fruit. Mr, Craw examined the tree again 
for me September 22, and he writes that all the young scales were dead, but many 
of the old scales were living. 

Experiments 154 and 155 were made at a lat^3 date, and the results perhaps would 
vary a little if examined a month later; yet the soap will do excellent work on 
leery a qaj I cent per gedion with strong spray, I believe that the wash of experi- 
ment 154 would not kill all the Red Sca,les. The soap of experiment 130 is but little 
different, yet this destroyed all the Red Scales, at | cent per gallon of the wash, as 
spiT^yed by Messrs. Wolf skill a ' 

in regard to experiment 156, Mr, Craw's statement is contrary to my expectations. 
Although I iiad at the time of spraying a poor pump, and the tree had not been 
sprayed well, yet the spray would miss the youilg as well as the old scales. 

I examined tree of Experiment 133 often and carefully. In eight days nearly all 
the scales were dry. This is the same wash as that Of 156, but costs only ^ cent for 
9 pints of the wash, while in experiment 156 the cost would be 1 cent for 10 pints of 
the wash.' - ------ " - - - . - 

Resin compound is a good remedy in destroying loerya and its eggs, and further 
experiments will show the_ value of it on Red Scale. 

The best results so f ar : on tlie Bed Hcale were had with soaps ISO, 144, and 152, and 
- these last two are also -best for Jcer2.^a. ; 

The fact that there Eire nearlj'^ always, even with the strongest washes, young 
scales found afterward may be largely due to the fact that the ground below thickly 
infested trees is always covered with infested leaves which have dropped, and nat- 
urally most of the young will crawl back: upon the tree again after the spraying. 
They will also eome from surrounding plants. 
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IHSEGTS AEFECTINO SMALL GBAm^ 

Bj F, M. WmsTEny Special Agent. 

LETTER OF TRANSMITTAL. 

La Fayette, Ind., /VoyemGe?-' 2/ iSbU 
Sir: I herewith transmit my a,nnuar report for the current year, containmg a 
continuation of my Indies of the Yfiieat Isosoiiia, and a new pest, the Companion 
Wheat-fly - notes on 3Ieromyza amer icana, and some insects affecting Barley ; a list 
Of insects frequenting or depredating upon Buck wlieat; notes upon the destruction 
of timothy meadows by the Glassy Gut- worm; and two enemies of the White 
Glover, 

As usual, I am under obligation to yourself and assistants for the determination 
of material, and numberless other favors. 

Kespectfully submitted. : ^ 
^ ^ ^ F.M. WEBSTER, 

Dr. C. V. Riley, Special Agent 

: Entomologist, . 

. ' . . IlsrSECTS . AFFEGTma- FALL V7HE AT. 

THE WHSAT-STBAYf ISOSOMA. 

{l30S0y7iat7ntid'Rilej,) 

Up to June of the ptesent year matters remained very much as they were left in 
my previous report, so far as obtaining any additional facts relative to the habits of 
this species is concerned. Straws, in which grraiidc only had oviposited, failed to 
furnis'h adults of any sort, and straws taken from the fields gave only wingless 
females of tritici, which, as usual with those reared in mid- winter, refused to ovi- 
posit on wheat plants grown and kept indoors for that purpose. On returning from 
the South in April, however, we found a limited number of these tritid, which 
had emerged much later, probably in March, alive in the breeding-cages, and at 
once transferred them to young wheat plants grown and kept continualiv under 
cover, m a corner of our garden, at least three-fourths of a mile from any field of 
either wheat, rye, or barley. This was on the l^th of April. 
■ From this time forward until the grain and straw were fully ripened, early the 
following July, the utmost caution was observed in keeping the plants thoroughly 
protected from outside insects, and, with the exception of a single Tipulid, which 
appeared during spring, no insects whatever were at any time observed within the 
inclosure except the Isosoma. 

Gn the 2d of June, fifty-one days after the fri^icrhad been placed in the inclosure, 

female of grande was observed in the act of ovipositing in the now nearly full- 
grown straw, and within the next few days several others were noticed similarly 
occupied, placing their eggs not only in the upper joint, but in the one below also. 
Previous to this, and, in fact, since the 21st of May^ the latter species had been ob- 
served continually in the fields, and the belated appearance of these in the inclosure 
is perhaps diie to the fact that their progenitors, the tritici, v/ere of the last to 
emerge in the spring. Absence from home for two months previous to the date of 
their removal from the breeding-cage to the young wheat made it impossible to 
secure them earlier, as it was difneult to get enough then livmg to carry on the ex- 
periments, the numerous dead in the cage indicating that the species had been 
emerging for some time. 

As before stated, the MMd placed in- the inclosure were all of them females. 
Neither could any males be found among those that had previously died, and", 
moreover, all of the gr ancle were females apparently, as all that were observed at 
all in the inclosure were ovipositing. Hence the males of either form, if there are 
any, are still unknown to me. : . _ 

A winged form of Jsosoma, seemingly intermediate between tritici and grande, 
was taken with the latter in considerable numbers about Bloomington, 111., 
during May, 1884, and has since been found in the vicinity of La Fayette, Ind. , iii 
both^grain fields and grass lands, but in too limited numbers to permit of successful 

" As shown on page 544, we have been more successful in this respect than has Mr. 
ebster, and three males of tritici were bred in January, 1886.— C. Y. R. 
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rearmg in confinement, and Kence wtat afflnlfcies i/fc may have with other forms or 
species is not known. 

A small for m oi hoi'dei also occurred about La Fayette dm*ing the latter part of 
Maj,4^S5, on bkie grass and timothy, gTowing up intermixed, and also to a very 
limited extent on wheat; but this also refused to oviposit in the latter in the breed- 
ing-cages, and disappeared from the field of both grain and g-rass altogether in a 
few days. 

The same locality was repeatedly swept oVer during the present season, but no 
hordei could be found. Grande were, however, obtained in considerable numbers 
from grass lands, but the most careful search failed to reveal any indication that 
they emergecl from these gTasses or that they oviposit in them. 

It may be proper to state here that in the thi-ee years during which I have had 
these . Isosomas under observatioii they Imve been observed ovipositing in 

chess, nor has ah instanee been noticed where the straws of this grass have been 
affected by them. This discrimination on the part of these msects, whereby the 
stools of wheat are prevented from headings while those of the grass continue to 
fiourish, may perhaps in part account for the miexiDected preponderance of the 
latter during some seasons, a phenomenon vv-hich so sorely taxes the science of the 
imbotanical farmer. 

There is, however, a species of larva infesting tlie stems of timothy from the latter 
part of July to the following spring whose method of work is. very similar to that 
of the wheat-straw worms, but which nevertheless belongs to a different order of 
-insects. It is probably the larva of a species of Lajigwia * and may readily be dis- 
tinguished by the form of the head, by the more slender and less smooth body, and 
by the presence of well-developed legs on the thoracic segments. 

THE AMERICAN MIROMYZA. ' 

{Meromyza americana ¥itch.) . . 

Full-grown larv£e of this species were observed - by us on June 18 of the present 
year in a held of rye near Kentland, Newton County, Indiana, and we bred adults 
from straw grown near La Fayette about July 21 , and again from volunteer wheat 
in the same field from which the straw had been taken from September 3 to 21. . 
A previous examination of this field inade August 81 had revealed the fact that the 
volunteer wheat plants growing upon a space 1 foot square contained 11 puparia, 
1 empty case, arid 1 two-thirds grown larva. 

On October 5 we found adults in great numbers (and also adults of a parasite, 
\ C(^linius meromyzce Forbes) engaged in ovipositing on wheat in a field sown Sep- 
tember 22, and on going to another field, which had been sown much earlier, we 
found adults there also, but in less numbers, although the former field had been 
sown on oat stubble, while the latter field had last produced a crop of wheat. 

In view of these observations and the results of your own breedings from volun- 
teer wheat sent you from Oxford, Ind. , on September 6, 1884, there seems little rea- 
son to doubt the existence of a tlmxl brood of flies, originating, largely at least, in 
volunteer grain, and emerging therefrom during the month of September. 

As we have elsewhere shown, f the observations of Fitch, Riley, Lintner, Forbes, 
and ourself in no case have indicated that a tliird brood was improbable, but in 
somB instances strongly presage its existence. . 

THE COMPANION WHEAT-FLY. 

Oscinis (?) e^. 

During the latter part of June, 1884, while examinmg wheat straws in which the 
larvae of Meromyza americana were at work, we often found several smaller larvae, 
also dipterous, and so closely associated with the former that we at first suspected 
them of being parasites. They were almost invariably found a,mong the juicy mass 
of stibstance that had been displaced by their M^^^ 

Seeuririg a supply of affected straws^, we cut from each a section about 3 inches 

* Specimens of this larva were forwarded to tis by Mr. Vvebster, but the adult 
beetle was not bred. The larva was indistinguishable _ from that of Zmiguria ino-- 
mi'di, described by Professor Coms1;ock hi the Anntial Eeport of this Department 
for 1879 under the popnlar name of " The Clover-stem Borer," as he had reared it 
from stems of Red Clover at Washington. Mr. Webster's larv^ probably belong to 
this species, which is figured., on Plate 1, Fig, 6, of the report just, cited, and de- 
scribed on page 199.~C, V. li. 

fBuIletin No. 9, Pm'due University, issued October, 1886, 
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long, inciuding the upper joint, but excluding the liead, and placed them in a breed- 
ing jar. The result was, when the Sudu.lt Meroinyza enierged from these sections, 
July 18 to ,28, there appeared among them quite a number of a much smaller black 
speeies, closely resembling those of the genus Oscinis, but, however, being quite 
distinct. . 

Early in the following September larvaBy seemingly like those observed in the 
; straw, were found feeding within the stems of young volunteer wheat plants, and 
later the same thing was observed to destroy young plants in a field of early sown 

wheat. V : /_ ^ . 

From this volunteer wheat adult flies of the species now under consideration 
emerged from September 7 to October 1. The present season they began to emerge 
August 30, in both cases being the most numerous about the 10th of September. We 
have also reared adults from larvae in wheat sown during the last week of Augxist, 
these emerging as late as the 3d of October. The adults are common in wheat fields 
after about September 10 until the 1st of October, and hover about the young plants, 
doubtless for the purpose of ovii)ositing, as they are often observed paning. 

We have never observed them diuing late fall or early spring. They are some- 
times attacked by a fungous parasite very similar to, if not identical with, that at- 
tacking the house-fly. 

The larvae are much smaller than those of 3Ieromyza, but in a general way resem- 
ble them in form and color, particularly w:hen_the-latter are only j>artly grown. 

The puparia are, however, very different, being only about 2.5°^"^ long and 0.8^"i^ 
broad. The color is never like that of Iferom^/m, being at first of a yellowish-wliite, 
with tinge of gTeen, but later changing to a uniform brown. They are readily dis- 
tinguished from those of the Hessian fly by being cylindrical and by the segments 
: being well defined. 

From the foregoing it will be observed that, so far as we have been able to study 
the species, its cyele is exaetly parallel with tliat of the Meromyza, and besides, there 
is a strong probability that while in young wheat the larvae work independently, in 
the full-grown straws, where the tissue is too tough for their less rugged mouth 
parts, they become the mess-mates of their stronger consort, and feed from the vege- 
table juices by which it is surrounded. It is this characteristic that suggested the 
cordfaion appellation selected. 

The damage done to yoixng wheat in^ the fall by this species must be considerable, 
the credit thereof falling upon the ikTerom^/^a, as the eftect of the two larvse is ex- 
-aotly the same. 

INSECTS AFFECTING BARLEY. 

Oh account of the limited area sown, we have had but little opportunity to study 
the insect enemies of this cereal, but it is extremely probable that the species do not 
differ greatly from those depredating upon the closely allied grains—wheat and rye. 

The two species here mentioned were observed in a small plot of this grain on the 
University experionen^t farm, which had produced nothing but barley for the last five 
or six years. ; : 

THE WHITE GRUB. 

: (LachnosternafiiscaYYohl.) 

- Tliese well-kiiown depredators were observed during the present season engaged 
in cutting off the roots of the full-grown and fully-headed grain. As late as the 
28th of June they were causing whole stools of the straw to wither and dry up be- 
fore the kernels had filled. 

THE BARLEY EOOT-LOUSE, 

{ScMzoneiiraBp.) 

Both winged and apterous individuals were found clustering on the roots of bar-^ 
ley in this same plot on tlie 12th of June, 1885, and at that time seemed to be doing 
considerable injury, but we were unable to secure an above-ground form. 

The present season we found the same species in the same place but several days 
earlier; and v/atched them continuously until the loth of July, when a few individ- 
uals might still be found upon the roots, although the grain was fully matured. 
Again we failed to secure an aereal form, although the grain was kept under careful 
inspection until harvest, nor could we rear any such in a breeding-cage, to which we 
had transferred infested barley plants. 

In the fields the Hce were all attended by ants, as usual, and, when placed ha the 
breeding-cage without their protectors, seemed to be well-nigh helpless. 
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THE GRAIN JlPHIS. 

(Siphoncphora avence ¥e^h,) 

This species was observed infesting the heads of barley in cGnsiderable numbers, 
and, when the grain was fully ripe and the winged adults ready to forsake the bar- 
ley heads, we placed some of them in cages in which growing timothy, blue-f^i-ass, 
and red-top had been transplanted, Avith the hopes of learning where the species 
passed the summer or until the young wheat axDpeared in tlie f alL The grasses w ere 
kept alive, but the insects died, and no trace of a following generation was observed. 

mSECTS- ^FREQUENTING OR DEPREDATING UFON BUClt 
: - WHEAT. 

So many reports of the aversion of insects for this plant are going the rounds of 
the press, nearly all of which are unaccompanied by generally acGepted authority, 
that some exact data relative to the matter seems very desirable. It was with a 
view of obtaining this information that, under Dr^ Riley's instractions, we began a 
series of observations, selecting as a basis one of the experiment plots of the Uni- 
versity farm, which for the past five years has grown nothing but buckwheat, there^ 
by eliminating at the start any insects that might have been attracted by a previous 
crop of grain or grass and remained over in either the adult or adolescent stages. 

As the object of the observations was a twofold one, i, e., to learn both the repul- 
sive and the direct and indirect attractive properties of the growing j)lant, what may 
at first appear to be overexactness wiH at once be seen to be quite ess^tial, as the 
occurrence of an insect but once or twic^e during several weeks is strongly indicative 
of a repugnance for the locality. 

Observations began as soon as the plants were well above the surface of the ground, 
and, until they were high enough to sweep with an insect-net, consisted of careful 
mspeetion only, but later the entire plot was swept over at intervals of a few days 
and a record kept of all captures. As some species visit the plants at one time of 
day and others at another, the time of sweeping was varied, in order to preclude the 
possibility of any escaping notice in that way. These observations were carried on 
until frost destroyed the plants. ' 

In the table the symbol "A" signifies abundant; " C," common. Where only very 
few examples occurred their number is indicated numerically. Unless otherwise 
stated the adult stage is intended, and where a * follows the name of insect the 
larval state only is intended; if a f , the pupal. When these follow the other sym- 
bols, A or G, it is to be understood that all states occur, adults preponderating. If 
they precede the letter, all states occmTed in numbers indicated. Thus A * f , adults 
abundant, larvse and pupaB; * -|- C, all stages common. 

Idst of insects. 
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Insects. 



Ao'onycfa ohlinita A. & S.* 
Acontia erastoides Guen . . . 
Greoinetrid la,rva , . . . . . , . . . . , 

Cramhiis {ne&r) J'ltscicostella Zell. (No. 13) 
Diclicelia sulphioreana Clem..* . 

Etirycreon rantalis Gueii . . 

Cicindela punctulata Fab ..... 

HciTpcdiis pennsylmnicus Dej . 
Taciiyporns brurm ens Fab ..... 

Sijlvanus advena Waltl ........ 

Corticaria pmmUs Mehi/. ...... 

Hippodamia convergens Quen. 
mppodamia parenthesis Say . . 
Cycioneda sangidnea Liiin .... 

CoccineUa %-nptata Hb 



Clicvidiognathus pemisyl'uanicus For: 

Ditenmus bidentatus Say . . 

Cyphon vo.riabiUsThimh ............ 

Bnichus obsoletus Bsby . . ..... — . . . . 

Colaspis brimnea Fab ..... .... . . . . 

_ Dm^yphora 10-Uneata Say . . , . . . , . . 
Chrysomela suturalis Fab . . . . -. ..... 

Dio'brotica 12-2mnGtata Oliv 

jPiabrotica vittata Fab 

Viabrotica lonfjicornis Say 

Disonycha punctigera Lec , . 

Lo7initarsus testaceiis 'LlQQ.. ..... 

. Phyllotre ta vittata Fab .............. 

Syhtena frontalis Fab . .-. . .- .. ..... 

■ Systena blanda I.Ieis. 

drepidodera atriventris Mels, ....... 

Choetocneuia confmis Cr 

Mordella octopun data Fab , . ... 

.. Eplcauta vittata Fah ; .... . . . 

Epicauta lemniscata Fab ; , ... 

Emcauta cinerea FOrst. . 

Epicauta 2^ennsylvanica Do G ....... . 

Centrinus picumnus Hort 

SphenojDhorus parvulus Q-yll . . . . 

^ciara sp. ? (No. 31) 

JBibio sp. ? (No. 82) 

Anthrax sp. ? 

Sparnopolinuss^i.CNo. 14) , 

Stratiomyio, sp. ? (No. 87). . , . — 

Oscinis sp. ?(No. 26) 

Oscinis sp. ?(No. 64). 

Chlorops sp. ? (No. 6S) . . . . 

Meromyza americana Fitch ...... ... 

Syritta pipiens Macq " 

dncomyia sp. ?(No. 89). . . .- , 

Chelonus sericexis Say 

Aphis sp. ? (Root-form) ........... w . , 

Dactylopius ii. sp. ? ^ . . 

Jassus inimicus Say ...... . . . . 

Macropsis venatus TJhl . 

Actualis calva Say (var.) . . 

Diedrocephala molUpes Say 

Euschistus servus Say 

Corizus lateralis Say .............. i . 

BUssus leucopterus Sa-y . .............. 

X^eocoHs Uriibatus Stal. . ... 

Lyguspratensis Linn 

€'alocoris rapidus Say 

PlagiognatMis oSscicrus Ulil.. 

Pldgiognathus sp. ? (No. 24) 

AgalUastes sanvis Renter. . , . . . . ... . . . 

Tnphleps insidiosus Say. ............. 

Corius feriis Linn. , . . 

AchoUa midtispinosa De G- . . 

Coleothrips S-fa-sciata Fitch 

XEcanthus 7uvetis ...... 

Orchelivmm vulgar e Ilarr 

Grylltis ahhreviatus. 

Melanoplus femur-rubrivm Harr ..... 

CEdipoda Carolina Linn 

Crysopa external 

Smynthurus sp. ? , . . : , 
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The Hymenoptera, as a rule, oecurred most abundantly during the forenoon. 0£ 
the Lepidoiyteror, AooiUia and Eurycreon ^ere the most abundant, ' DicJiella was 
reared to the adult, hut tlie Gcoraetr id larva died, and it is very doubtful if tliis 
-was reallv one of its food-piants/ - " " ■ - - ^ : - 

The rarity ot CaraMum iB quite suggefltive as being in accordance with the luck 
of earthdnhabiting larvjB, and likewise tlie dearth of CoecinelUdce- niiglit.be. traced to 
the lack of AphidMm.. Bruchus ohsoletus doubtless wandered from a plot of beans 
near by. Colaspis brimnea fed upon the buds. ; The lack of DovypJiora was strongly 
■ indicative of disgust for the plant, as tJie adjoining plot was planted to potatoes, 
which they destroyed, and niigTated to other localities, but studiously avoided the 
buckwheat. The same was true of Epieauta, excepting the vittata species, which . 
fed upon tlie ioliaire quite freelv, Diabrotica longicornis was one of the most 
abundant insects, and fed upon "the blossoms.- Aphis .sp. ? and the JMctylopius . 
were both found upon the roots. , The spasmodic occurrence of BUssus levcopirrns 
has the same signilication as the smgle occurrence of Doryphora. Lygus pratensis 
was one of the most abundant siiecies, and at the time of the last two observations 
it outnumbered all others ten to one. Melanopltis femm'-riihrimi seriously injured 
some of the voung plants, but only along the margins. Gryllns abbreviatus cut oif 
the plants and dragged them into its burrows, but only for about the first week 
after they came up .\"Larvs3 of C7w'|./^jopa. were quite numerous during August and 
September. X^ossibly these were of the same species as the adults. The Anthrax 
emerged from pup£8 in the soil in considerable numbers during the early part of 

August. 

Besides these, Dr. Riley (First Mo. Rep., p.- 79) -states that the larvas of Agrohs. 
clandestina and (Third Mo.^ Rep., p. 109) Xap%^?/K4 /rz^^^^^ {Prodmia autum- 
nalis) affect this plant, as also (Seventh Mo. Rep. , p. 159) Melanophis sjmehis. Dr. 
Cyrus Thomas (Sixtii 111. Rep. , p. 17 1) thinks Qastrophysa jjolygoni might attack- 
the plant; but we found nothing of the species in this case. In Riley's Seventh Mo. 
Rep7, p. 4B, a correspondent states; that i:^Zi^?SMs 7eitcq^ did not atfect his corn 
where buckwheat was sown among ifc. DeilipMla Uneata (larva) is recorded as 
feeding Upon this plant by Dr. Biley in Third Mo. Rep. , p. 1^^^ 

INSECTS: AFPEOTIffG TIMOTHY^ ■ :" 

. : THE GLABSY CUT-WORM. ^ 

{Hadena diivastcttr IX, Brsice.) 

. On June S9 of the present season Mr. J, G. Kingsbury, of the Indiana Farmer, 
called our attention to. some rumors which had reached him relative to the depre- 
dations of some kind of worm in the timothy meadows- about Richmond, Wayne 
County, Indiana, and we immexliately \vrote Mr. J. C. Ratliii, of Richmond, from 
\yhom,_on the IStli of July, we received a reT)ly fully corroborating the reports given 
us by Mr. Kingsbury. " . ^ : _ - . 

On the 15th, in accordance vvith instructions from Mr. Howard, entomologist in 
charge, we visited the infested fields, three in number, situated to the northwest of 
the city, one on the grounds of the insaneasyhim, another about a half amile north- 
of this on the farm of Mr. Kreets, and the third on the farm of Mrs. Thompson, per- 
haps 2 miles farther to the northwest. - 

The field on the grounds of the asylum, of which about 15 acres were totally de- 
stroyed, had been plowed and planted with corn after the ravages had ceased, but 
the other- two fields, of winch about 15 and 20 acres, respectively, had been destroyed, 
remained intact* A critical examination of the affected portions of these two fields 
revealed the fact that oven Vi^liere every vestige of timotliy had been destroyed red 
clover remained untouched, and a decided preference had been evinced for low, 
damp localities. 

In the Thompson field clirysalids were found quite abundantly within a couple of 
inches of the surface; and with them, in almost equal numbers, were the larvfc of 
Hademi d&vastatriw, some of ivdiich v/ere already m frail earthen cells, jireparatory 
to iDupating, all of tliese last being of a dingy- wliite color, with yellow heads. Inter- 
spersed among the iiZadevia larvae were a very few of Neplielodes viokms. In the 
Kreet field both chrysalids and iarv^ were much less abundant, although the de- 
struction had been equally complete. Here ' -also-, the Nepheloctes larves - were found, 
but in a still smaller ratio as compared with those of the Hadma. 

To settle any doubt which might arise as to vdiieh of the two species of larv^ were 
the authors of the destruction, we questioned the owners of the fields very closely, 
as well as the employes on the two farms, but all stated that tlie striped larvae had 
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never been numerous, and that it was the white ones with brown heads 'about half 
way between a worm and a grub," as they expressed it) which did the injury. In 
fact, an aged and mteliigent gentleman, Mr. Vinnedge Russell, as soon as he learned 
of our arrival, went to the Thompson field and brought us therefrom a number of 
Hadma Im'YSQj remarking that the striped worms had occurred with them, but only 
in very limited numbers, and that those brought were the depredators. 

From what we were able to learn, the effect of these worms was noticed for the 
first about the middle of May, and they continued to carry on their work for about 
three weeks, after which they appeared to do no injury, and the dried remains of 
the young grass seemed to attest to the statement, as in no case were any withered 
or dead clumps obser ved. The destruction appeared to lie solely in the amputation 
of the small roots, neither the bulb nor the blade having been ravaged, and we were 
informed that the worms were in no case observed feeding above ground, but invari- 
ably below the smf ace. 

Although no such outbreak of these larv^ in meadows had been previously re- 
corded, this habit of feeding below ground, and upon the roots of grasses was 
noticed long ago by Dr. Riley, who found that the larvse would bury themselves in 
the earth, and" feed in this manner from grass roots, although other food was pro- 
vided them.* 

That the Hadma larYSB, in both the Thompson and Kreet fields, originated in 
each case in excessive numbers throughout only a very limited area, and that they 
gradually extended their domains as the food-supply became exhausted, was very 
evident. In the Kreet field, which was very low, flat, and damp, the depredations 
began in the southwest corner, the worms gradually working eastward parallel 
with the highway, which was carefully avoided, and a margin of grass six to ten 
yards wide was left almost untouched, while they pushed farther and farther to the 
northward for a considerable distance, destroying every vestige of timothy, gradu- 
ally seeming to exhaust themselves near the northern and eastern boundaries of 
the field. 

In the Thompson field they originated in the northwestern portion, along a lowj 
wide ravine, traveling eastward, following a narrow ravine near the northern 
boundary, a ti'ibutary of the former, nearly across the field, while elsewhere along 
the lino of origin they did not extend their depredations more than about one-third 
as far, as that direction brought them upon the higher ground. 

We were informed that while a few worms had been observed working upon the 
higher grounds in this field little damage had been done there, but as the tributary 
ravine reached high ground there had been a tendency to spread out at right angles, 
those on the south side being, as it were, thrown across the path of those worms 
proceeding east from the place of origin. As in the Kreet field, the bomidary be- 
tween the totally destroyed portion and the uninjured was irregular and poorly 
defined, a gradual fading of one into the other. 

In this field larv^ and pupae were found in considerable abundance, although 
many of the former did not appear in a healthy condition, and many of the latter 
had a blackened look, and some others had evidently been destroyed by some natural 
enemy. But in the Kreet field the case seemed different, for here it required con- 
siderable labor to obtain either larvae or pupa&, even in limited numbers, and many 
of these were affected as in the Thompson field. Dead larvae were found in the 
earth, stretched at nearly full iength, rigid, and with a parasitic fungus, a species 
of Imria, growing from between the thoracic segments, but more frequently from 
the neck, after the manner of Torrubia from the wMte grub, only that in this case 
they affect the upper as well as the under part. This was also observed to attack 
the larvae of Neplielodes violans. 

On July 17 a goodly number of larvee and pupae were secured from both fields 
and placed in earth in tin boxes. Returning home on the 19th, these boxes were at 
once opened, and found to be literally swarming with a species of Pteromalus. The 
larvae and pupae were placed in separate cages, the Ptej^omalus contiiming to api3ear 
in that containing pui3ae for several days afterward. Later there appeared from 
these puiise a single indiYidual of Ichneumon jucmidiis, a species of Tac/mia, and 
also a sjjecies of Phora. This last, however, was doubtless a scavenger and not a 
parasite. - 

The first moth appeared from the pupae on the 32d, and the first appeared from 
the larvae on August 11. All moths obtained were Hadena devastatrixAjvit not 
over 10 per cent, of the adolescent individuals developed to adults. 

Had the appearance of the Glassy Cut-worms been more general, in such num- 
bers as in the vicinity of Richmond, the loss would have been very serious; as it 



* First Report Insects of Missouri, p, 83, 1868. 
culture, 1884, p. 397. 
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was, Mr. Ratliff, who is a crop correspondent of tliis Department, estimated the 
damage to the three fields at about $1,000. 

We have not been able to learn of any such depredations elsewhere, and Messrs. 
A. W. Butler, of Brookville; Stephen Gardner, of Cottage Grove; S. S. Merrifield, 
of Connersville; and D. E. Hoffman, of Winchester, all located in Wayne and ad- 
jacent counties, have written us disclaiming all knowledge of any similar ravages. 

While we were on the ground too late in the season to observe the working of 
these worms or carefully study their movements, both the appearance of the af- 
fected fields at that time and the information obtained were strongly indicative of 
a slow, migratory habit. Mr. Kreet stated that he had several times observed the 
worms collected in deep holes in the earth, from which they appeared to be endeav- 
oring to escape. All of this is very suggestive of preventing the progress of the 
worms by ditching, or even plowing a deep furrow across their course, and destroy- 
ing them as they accumulate in the bottom, as with the Army Worm. 

We again visited the locality on October 30. The Kreet field had been plowed 
in the mean time, and was now covered with a luxuriant growth of wheat. The 
Thompson field remained as we had left it in July, but neither there nor in other 
meadows could we find imy young Cut- worms of this species, although a few of 
other species were observed. We dug up the earth to a depth of several inches in 
places where it seemed most jM-obable that they would occru", but found none. 

We observed a considerable number of carnivorous larvae in the Thompson field, 
and these, quite likely, aided in sustaining the check given the worms by the para- 
sites of the spring brood.* 

THE GRAIN SPHENOPHORUS. 

(Sphenophorus parvulus Gyll.) 

During the latter part of July of the present year the larvas of this species were 
observed burrowing in the bulbs of timothy, their method of work not differing 
materially from what it v/as in wheat, as described in our last year's report, except- 
ing that the bulb, being much larger than a straw, enabled the larva to attain to 
nearly or quite full gi^owth before leaving it to pupate. Several larvae were often 
, found infesting a single stool. Pupae were also found in the earth about these 
stools. 

While examining the roots of timothy in meadows about Richmond, Wayne 
County, Indiana, on October 30, we found an adult of Sphenophorus sculptilis Uhl. 
in the midst of a mass of eaten bulbs, these last resembling in every particular those 
which had been destroyed by S. parvulus. 

INSECTS AFFECTING WHITE CLOVER. 



THE FLAVESCENT CLOVER WEEVIL. 



(Sitones flavescens Allard.) 

Early in the month of October, 1885, the foliage of White Clover (TrifoUum repens 
L.) on the University grounds was found to be seriously injured by some insect dep- 
redator, and a plot of Alsike {T. hyhridum) was likewise attacked, while Red Clover 
(T. pratensis) escaped with very little injury, even though growing up promis- 
cuously among both of the former varieties. 

This injury to the leaves of clover was of two patterns, one consisting of a circu- 
lar disk extracted from the center and the other a more or less hemispherical portion 
taken from the margin, and, while there was never more than one circular space 
eaten from the same leaf, there might be several of the marginal pattern, or the two 
might be combined, thereby leaving only the leaf -stalk and bases of the mid- veins. 

Careful search failed to reveal any insect about the injured plants in sufficient 
numbers to arouse suspicion, except a small, yellowish-brown curcuho, Sitones flaves- 
cens Allard, an imported species, injurious to clover in Europe, but not previously 
known as such in America, although Dr. Riley had some years ago f durected atten- 

*One of these species of larvae was that of an Elater, probably jDras^erms dorsalis 
Say. The larvae of this genus are known to be carnivorous, and we have observed 
this species destroying the larvee of Cramhus zeellus Fern., and also those of an 
imdetermined species of Macrops which burrows in the roots of common plantain 
{Plantago major L.).— C. V. R. 

i American Naturalist y Vol. XV, p. 751, and Report Commissioner Agriculture 
1881, p. 177. 
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tion to its native habits, and Dr. Lintner had placed it in his iist of possible enemies 
of the clover plant in New York. * 

Dr. Le Goiite f gives the species as inhabiting the Atlantic States in abundance, 
Gspecially near the sea-shore, and states that the American race differs from the 
European by the color of the scales, being more rusty and less gray. We have for 
years found it plentifully here in the West, while Dr. E. U. Boardman reports both 
the beetles and their work in Stark County, liiinols, and Mr. Charles N. Ainslie, 
Rochester, Minn., makes a similar statement. 

The beetles are rather timid, and, on being disturbed, drop to the ground and 
seek refuge among leaves and rubbish, and it was only after considerable patient 
watching that they were observed in the act of feeding upon the leasees. This they 
do by simply moving the head and thorax, the body remaining stationary, the cir- 
cular disk being cut when the leaf is still folded, the two halves facmg each other, 
the beetles eating through the back at the mid-vein. Tlie half disk thus extractecl 
-from the two makes a full disk when the leaf is fully unfolded. 

On October 1? a number of the beetles, confined alive in a small vial, deposited a 
number of eggs therein; and on the 2oth of same month other adults, which had 
:-been placed in a breeding-cage with clover plants selected and transplanted from a. 
iocality where the leaves had not been injured, also oviposited, dropping their eggs, 
about promiscuously, some being on the leaves, others scattered about on the surface 
of the soil, and one stuck to the side of the cage. 

The eggs are nearly white, with a very slight tinge of yellow; slightly elongate, 
ovate, being a trifle less than 0.4'""^ broad and a little more than O.'l'^^^^in length; 
not acuminated or elepressed. 

In a temperature of 65 F. these eggs hatched in about 48 hours af fcer being do- 
;posited, the young larvaB at once disappearing. A few days later they could be 
found feeding upon the fresh lateral shoots, or even the softer imrts of the main 
stem under the bases of the leaf stalks. The entire jjli^nt upon which the larvaB 
were confined withered and died Avithin a few weeks, although it was kept well 
watered and under favorable conditions for growing. 

A search in the fields about seriously injured plants revealed numerous small, 
white, footless larvae in the earth, varying considerably in size, and for the most 
part much larger than those we had hatched indoors. None of tlio larvse were ob- 
served in the act of feeding except one individual, a rather small one, which v.\as 
engaged in devour ing a seed. On being placed in glass tubes with stems of the 
plant they at once began to eat out the central portion, leaving only the epidermis. 
"Bimilarly affected stems were quite common in the tlclds, bufc whether they v/ere 
duo to the work of this or another insect we lind it still too much to say, aitliough 
the former is the more probable, as there has been at no time an37thing to indicate 
that these larvse attack the root, leaf , or leaf -stem portions of the plant, however 
near the latter might be to the surf ace of -the groLind. 

Two larvse found in the fields on the 1st of November being much larger than any 
previously observed, they were taken mdoors and fed with stems of clover, upon 
" the younger, tenderer portions of which they subsisted until the 2d of Doceiiiber, 
when one of them pupated, and twenty days later transformed to an adult, being 
at first nearly white, but assuming its normal color four days later. The second 
larva died before pupating. 

The full-grown larva is 5™"^ long; head small, testaceous, with brown mandibles; 
body white, -wrinkled, first segment little larger than head, second and third larger, 
fourth to ninth nearly equal, gradually decreasing to thirteentli, which is very small 
and nearly pointed. 

These larvse when at rest in the earth lie in a h6ok-sliai:)ed position, the head and 
" thoracic segments being kept at almost right angles to the foui'th segment, where 
. the rather abrupt curve begins. Prior to pupati ng they form a sm all earthen cell. 

On December 9, the ground being frozen to the depth of from 2 to 2|- inches, af- 
fected plants, with the soil in which they were rooted, were dug up and brought 
indoors. After being thawed out this was caroxully examined, and Sitones larvco 
were found therein, varying in size from 1?"" in length to full grown, the major 
part being under 2.50'"'^i in length; but two fully grown were found, and these 
were in their cells preparatory to pupating: One larva, 1. 50"-™ long, began feeding 
as soon as thoroughly wanned. Two adults were also found, but no pupi?3. One 
of these was kept in a breeding-cage, in a warm room, and was still alive on the 
18th of the following February, when I left for an absence of a couplo of months. 



* The Insects of the Glover Plant, Eeport N. Y. - Agricultural Society, Voh XL, for 
1880. Author's edition, p. 4. 

f The Fdiynchophora of America north of Mexico, Proc. Am. Phil. Society, Vol. 
XV, No. 96, p. 115. 
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Besides these, two adults were observed in the fields/ in the act of pairing, on the 
12tii of November. ' _ ^ 

On acconnt of absence from home no examination was made until the 18th of 
April of the present year / when larvae were again f omid m the fields, in less rmni- 
bers but in about the same stage of development as during the previous December. 
No pupse were observed, but two adults were found, which died soon after, without 
having in the mean time deposit;ed any eggs. 

On May 25 both larvae and pupae Were found, the former in still less .numbers 
than they were during April, but now^ they were, for the most part, nearh' or quite 
f ull gTown, _ A.n adult, taken also on this date, died on the 30th inststant without ovi- 
positing. June 14 several adults V7ere observed, and from this time forward they 
appeared in increasmg numbers imtil August, when they seemed to reacli the 
upward limit. 

Tlie deposition of eggs may commenGO in July, but we obtained none untih Au- 
gust T, and then only after keeping adults confined in the breeding -cage for foin 
days; nor could we at this date observe any larvae in plants in the fields, althougb. 
very small ones were common enough in and about the tender lateral shoots early 
in September j but in no case were they burro whig in the main stem except in the 
tenderer portions , under the base of leaf -stalks , as previously indicated. 

In summing up the liie-history of the species, they may be said to emerge as 
adults as late as July, and deposit their eggs" from the last of that month until cold 
weather begins. The larvae, hatching within two days after the eggs are deposited, 
feed upon the tender portion of the clover stems, probably bnrrov\dng into them 
sometimes, especially when they are from one-fourth to one-half grown, and, barely 
possibly, subsisting in part upon the roots when older. They pass tlie winter, for 
the most part, in this stage, but occasionally as adults. The larvas pupate in sprmg, 
and after remaining about twenty days in this state emerge as adults 

The adults seem to wander about considerably early in the season, and. we have 
obserA^ed them travehhg about on fences, upon the heads of grain, and crawling 
up the trunks of trees, and also found them hiding away under rubbish. 

. THE CLOVER-STEM MAGGOT. 

{Osmiis B^.) : 

Sufficient opportunity has not been offered to study more than a portion of the 
probable cycle of this insect, yet the very deceptive resemblance between tbe worli 
of the larvae and those of Mitones renders some account of it almost a necessity in 
order to prevent confusion. 

. The adult insect is a small, ratlier robust, black fly. The individual larva is 4™i^ 
long, with a breadth across the thoracic segments of .0""", footless, slightly dimin- 
ishing posteriorly, with the division of the segments after the first three very ob- 
scure. Color yellowish- white, with a tinge of green, becoming nearly white at ex- 
tremities; oral parts quite large and jet black. -Near the posterior extremity is an 
abrupt ventral restriction, and on the rouiided anal segnient are two short, robust, 
brown processes, each terminating in a corolla of small circular pustules. 

The puparium is 2.4™'" long and .8™™ broad, elongaie, oval, slightly tapermg 
posteriorly, and rather less obtusely pointed than at anterior extremity. TIk^ two 
posterior processes are here reproduced, and two others, shorter and more wddely 
separated^are placed on the anterior extremity. Color at Inst yellowish- white, with 
tinge of green, but later turning to brown, and from this to nearly jet black. 

The insect was first observed hy us on August 6 of the present year in tlie pupal 
stage, and within a stem of white clover^ which had evidently been destroyed by it 
while in the larval stage. During the four succeeding days other puparia were 
found, but only two larvge. From the puparia one adult emerged on August 12, 
others following a few days later, thereby indicating that the brood of wdiicli they 
were a part was rapidly approaching maturity. 

The exact time and place of oviposition it was, of course, impossible to determine, 
but the maggots are found singly in the stem, sometimes just under the epidcmiis 
and. sometimes in the center, but in either case excavating parallel clianneis, worl^.- 
ing from the point where the stem orighaated. Hence we are led to infer that the 
eggs are deposited near the main roots, and the larva, as its pushes ■forward;, is pro- 
^ vided with a continual supply of fresh-grown food^ the terminal or growing portion 
of the stem being in part sustained by lateral roots thrown out at ecpaal intervals. 
It is also possible that the eggs are sometimes placed on the young lateral stems, 
through which the maggots burrow- their v/ay to the main stem. 

As yet we have no trace of more than the one brood mentioned, although it is not 
at all improbable that there may be several in a season. 
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EEPORT ON EXPERIMENTS IN APICULTURE. 

By N. W. McLxiiN, ApiGultaral Agent, 

letter of transmittal. 

United States Apicultural Station, 

Aurora, III., December 31, 1886. 

Dear Sir: I have the honor to stil)mit iiere^vith my report of the work done 
under your instructions at this experiment station (luriii.L,- the past year. 

I desire to acknowledge my obligations to your.seif lor tlie valuable suggestions 
and assistance given me, manifesting the deep interest you have in advancing and 
developing the mdustry of bee-keeping. .... ^ , i • 

I wish also to express my thanks to those engaged m the branch of husbandry in 
whose interest this experiment station was established for the very kmd and unani- 
mous expressions of appreciation and encouragement, some of whom have cheer- 
fully aided me in my work; and especially to the pubhshers of the following api- 
cultural and agricultural journals for the favor shown me in publishing my report 
and for files of their valuable papers, namely: o • rn 

The American Bee Jourjial, Messrs. Thomas (t. Newman & Son, Chicago, ill.; 
Gleanincjs in Bee Culture, Mr. A. 1. Root, Medina, Ohio; The American Apiculturist, 
Mr Henry Alley. Wenham, Mass.; The Bee-Keeper' s Magazine, Messrs. Aspmwali 
& Treadwell, Barrytown-on-Hudson, N. Y.; The Bee-Keeper's Guide, Mr. A. G. 
Hill Kendallville, Ind.; The Canadian Bee Journal, Messrs. Jones, Macpherson & 
Co. , Beeton, Ontario, Canada; Rays of Light, North Manchester, Ind. ; The Southern 
Cultivator, Atlanta, Ga.; and The Cultivator and Coiuitry Gentleman, Messrs. 
Luther Tucker & Son. Albany, N. Y. 

Yours, very truly, N. W. McLAIN, 

Agent in Charge, 

Dr. C. V. Riley, 

Entomologist 

the "quaking disease." 

When bees are unable to obtain from ordinary sources a supply of saline and 
alkaline aliment, indispensable to then health and vigor and to the normal perform- 
ance of their functions, they seek a supply from any available source. At such 
times they tlirong upon the Milkweed and Mullein, which exude a salty sap. At 
such times large numbers of dead bees may be found at the foot of the mullein 
stalks, and thousands perish in the fields, and thousands more which reach their 
hives, being low in vitality and unable to free themselves from the meshes of the 
silken fibeAn which legs and wings are bound, die in the hive or crawl forth to 
perish. The actions of these starved and weakened bees when attemptmg to rise 




tangled with the filaments from the plants, and tlieir stomachs are entirely empty. 

The honey from hives containing colonies so affected lias a peculiar and very dis- 
agreeable taste and odor, somevrhat like that of fermented honey, indicating-^ that 
some constituent essential in conserving it was lacking, and the cell-caps are dark, 
smooth, and greasy in appearance, and an offensive odor is emitted from tlie hive. 
An analysis of honey taken from such colonies, made by the Chemist of the Depart- 
ment, fails to reveal what element is lacking. . , , . 

I have treated a number of apiaries so affected, using an application ot strong brine, 
to which was added soda sufficient to make the alkaline taste faintly discernible. 
The hive should be opened, and each frame should be thoroughly dampened with 
spray from an atomizer, or the warm brine may be applied by using a sprmkler 
with very small holes in the rose, care being taken to use only enough to thoroughly 
dampen the bees and combs. The alighting-boards also should be thoroughly wet. 
The treatment should be applied morning and evening untd the disorder disappears, 
which is usually in thi'ee or four days; a decided improvement being usually notice- 
able in twenty-four hours. The honey should be extracted and diluted by adding 
the brine, and, after being nearly heated to the boiling-point for ten minutes, may 
be safely fed to bees. The apiaries were last winter supphed with this food alone. 
Both wintered well. Vessels containing brine should always be kept in or near the 
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apiary. Pieces of burnt bone or rotten wood should be kept in the vessels of brine, 
and these vessels should be protected from the rain. 

Another form of the so-called " quaking disease " appears to result from hered- 
itary causes; for, if the queen be removed from the colony m v/hich the disorder 
prevails, and a youn^, vigorous queen be substituted, in due time the disorder disap- 
pears. In very rare instances bees also gather poisonous nectar from plants, such 
- as Eox-glove or Digitalis, the eating of which, it is reported, results in paralysis; 
another manifestation of thiB so-caUed I* 

THE FOUL-BROOD DISEASE. 

One of the most maligant diseases incident to bees is called the *' foul-brood " dis- 
ease. What pleuro-pneumonia and hog-cholera are to the dairyman and swine- 
breeder foul-brood is to the apiarist. This disease is so stealthy and so virulent and 
so widely distributed, no locality in the United States being assured of immunity, 
that much apprehension is felt, and some of the States have enacted laws having for 
their object its control and extirpation. In many States the ravages of this scourge 
have resulted in ruinous losses to bee-keepers, and many on this account have been 
deterred from engaging in this profitable branch of husbandrj^ 

During the past year I have given much attention to the study of this disease and 
to experiments for its prevention and cure. In making my investigations and ex- 
periments concerning the origin and nature of this disease and the means for its 
prevention and cure, I have collected a great amount of information from iny own 
experience and from the experience of many others. Concerning the origin of this 
disease and its means of communication the evidence obtained is somewhat con- 
flicting. 

That the disease is actively contagious appears certain. That it is always com- 
municated through the commonly accredited agencies is uncertain. That the dis- 
ease is persistent and usually reproduces itself whenever the germs find the proper 
conditions for development is verified by ex] lerience. That the germs of this disease 
may be carried upon the clothing of tlie apiarist and in and upon the bodies of bees 
from one apiary to another, and that they may be borne by the wind from one hi ve 
to another in the same apiary, and that the disease germs may be liberated from the 
decomposing bodies of other insects and scattered over other objects with which the 
bees come in contact, seem probable. 

That the disease is destructive to bees as well as brood, that live pollen is the me- 
dium through which the contagion is most commonly and most rapidly spread, and 
that the disease yields readily to treatment which is simple, cheap, and easily ap- 
plied, appear to be true, in support of which I submit the foUovving detailed account 
of my experiments and observations : 

On the 1st day of Jime an apiarist having over two hundi'ed colonies in his apiary 
reported to me that he had discovered two cases of malignant foul-brood, and that 
unmistakable evidences of its presence were apparent in tw^enty-five other colonies. 
As I knew this man was not without experience with this disease, I could not hope 
that he was mistaken. I knew that he had had unenviable opportunities, having 
been a bee-keeper for many years where this disease had been prevalent, and two 
years ago he himself had consigned one hundred and forty-eight colonies to the 
flames as incurable. 1 at once gave Mm the following formula for a remedy: 

To 3 pints of soft water add 1 pint of dairy salt. Use an earthern vessel. Raise 
the temperature to 90° F. Stir till the salt is thoroughly dissolved. Add 1 pint of 
soft water boiling hot, in which has been dissolved 4 tablespoonfuls bicarbonate of 
soda.^ Stir thoroughly while adding to the mixture sufficient honey or sirup to make 
it quite sweet, but not enough to perceptibly thicken. To i of an ounce of pure 
salicylic acid (the crysta.1) add alcohol sutiicient to thoroughly cut it (about 1 ounce), 
and add this to the mixture while still warm, and when thoroughly stirred leave 
standing for 2 or 3 hours, when it becomes settled and clear, 

Treatme^it—Bhsike the bees from the combs and extract the honey as clearly as 
possible. Then thoroughly atomize the combs, blowing a spray of the mixture over 
and into the cells, using a large atomizer throwing a copious spray ; then return the 
combs to the bees. Combs having considerable quantities of pollen should be melted 
into wax and the refuse burned. If there is no honey to be obtained in the helds, 
feed sirup or the honey which has just been extracted. If sirup is used, add 1 ounce 
of the remedy to each quart of the sirup fed. If the honey is used, add 2-^ ounces 
of the remedy to each quart of honey fed. : The honey and sn'up should be fed warm 
and the remedy thoroughly stirred in, and no more should be furnished than is con- 
sumed. 

Give all the colonies in the apiary one copious application of the remedy, simply 
Betting the frames apart so that they may be freely exposed to the spray. This 
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teeatment frequently reveals the presence of disease where it was not before possi- 
ble^to detect it. The qnantity prescribed, applied hj means of a large atomizer, is 
safficient to treat one hundred and fifty colonies. Continue the treatment by thor- 
oughly and copiously spraying the diseased colonies at intervals of three days, simply 
setting the frames apart so as to dh-ect the spray entirely over the combs and bees. 
In order to heep the bees from bringing in fresh pollen, burn old dry bones to an ash 
and pulverize in a mortar and sift through a fine wire-cloth sieve, and make a mixt- 
uvQ of rye flour and bone flour, using three parts of rye flour to one of bone flour, 
adding enough of the shup or Biedicated honey to make a thick paste. Spread this 
aste over part of one side of a disinfected comb, pressing it into the cells with a stifl: 
rush or a thin honey-knife , and hang this in the hive next to the brood. Continue 
this treatment until a cure is etfected. Keep sweetened brine at all times accessible 
to the bees, and continue the use of the rye and bone flour iDaste while the colonies 
: are;recuperating. 

As a preventive apply the remedy in the form of a spray over the tops of the 
frames once every v,^eek until the disease has disappeared from the apiary. 

On June 20 the apiarist above referred to reported as follows: 

'^' Number of colonies in the apiary June 1, 210. Number of colonies apparently 
diseased, 25. Treatment applied as directed to the whole apiary. Number of colonies 
actually diseased, 63. The disease presentin all stages of progress; in some cases just 
appearing, in some well developed; in others the contents of the hives were a black 
mass, the brood combs nearly rotten, not a.n egg to be seen, and every cell of brood 
dead, and the stench from the hives nauseating. Have given the diseased colonies 
three applications, the first time extracting the honey. Effect of treatment instan- 
taneous even uiDon apparentlj?- hopeless cases. Every colony save 5 is entirely free 
from any trace of disease, and these 5 are responding to treatment rapidly. ^ I ex- 
amined a colony to -day which two weeks ago had combs of brood almost rotten. No 
trace of the disease remains. I had 4,0G0 frames of extra comb. After hiving a few 
swarms, on some of them I found the disease present in every case. I then melted 
every one of these extra combs into wax, cleared and scalded and disinfected every 
hive, and hived the swarms on frames filled wdth comb-foundations. One of my 
neighbors, having an apiary of 60 colonies, had 38 cases of foul-brood, and before I 
was aware of it he had burned lip a humber of them. The remainder we treated as 
directed. His yard is now entirely free from disease. The cost of the remedy was 
just 10 cents. This |jrescription, if thoroughly applied according to your directions, 
will speedily and effectually cure the most hopeless and forlorn case of fouhbrood." 

It was afterwards found- that the melting of the eombs and scalding of the hives 
.wasrnot necessary. 

After requesting this same apiarist to make some further tests, the nature of which 
will "appear from v/hat folio vfs. August 1 he made the following report: 
- In 5 of my bt3[st colonies, wdiich had shown no symptoms of disease, I placed . 
frames of brood from diseased colonies, treating them as I did the diseased colonies, 
and all evidences of disease siieedily disappeared. To 1 colony from which the 
bees had swarmed out, leaving leys tjrau half a pint of bees between the black rot- 
ten combs and. not an egg in the hive and every ceU of uncapped brood dead and 
not more than one bee hatching to every square inch of brood, after thoroughly ap- 
plying the remedy I introduced a queen just crawling from the cell. To-day I take 
pleasure in exhibiting this colony as one of the finest I own, lacking only a suffi- 
cient store of honey, and this without the addition to the original odorous hive and 
rotten combs of a single bee, cell, or brood, or anything whatever to assist, except 
the young queen. ; 

" I extracted the honey from diseased colonies and treated the combs of such with 
the remedy as directed, and then exchanged hives and combs, giving the infested 
hives and combs to the healthy bees witlaout cleansing or disinfecting a hive, and- 
the diseased bees were given the hive and combs lately occupied b^^ the healthy col- 
onies. The contagion did not spread, ajid after two or three applications of the 
remedy ail traces of it disappeared, I fed back the honey extracted from the dis- 
eased colonies for the bees to use in breeding, adding 2^ ounces of the remedy to 
each quart; and I also fed the mixture of bone-ash, rye flour, and honey as a sub- 
stitute for pollen by pressing the paste into the cells on one side of a comb, and this 
I placed next to the brood in. each hive. I would not advise anyone to feed this 
bone-floai' and rye-flour paste unless they wish to raise a great many bees. I also 
fed the salt, alkali, and acid mixture outside in the apiary, so that all the colonies 
could help themselves. No; I do not fear that any of the mixture will be stored 
for winter or get into the surplus apartment, as the bees seem determined, to uso 
all they can get of it in brood-rearing. All my hives are running . over with" beea 
ready for the fall honey harvest. . " 

* 'As requested, I placed frames of sealed honey from diseased colonies in healthy 
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colGnies, and tlie disease waa not comHu^ but the frames from which the 

lioney had been extracted, snch as contained pollen, nniiormly carried with tliem 
the contagion, unless the combs were first, thoroughly sprayed with the antidote, 
and colonies gathering no pollen, or but little pollen, recovered much sooner than 
those gathering pollen in considerable quantities— that is to say, the more pollen, the 
more treatment required. ^ ^ 

" In reply to your question asking by what means anci in what manner tlie disease 
was communicated to my apiary, I answer: I at hrst thought that it had originated 
spontaneously, but later and more carefuh inquiry leads me to belieye that I intro- 
duced it into my apiary through- my -own carelessness. " Both I and my neighbor (to 
whom reference was made in a former report) spent a dtiy in some apiaries some 
distance frojn h(>me in which the disease ^yas raging. It would seem true that we 
brought .the contagion home in our clothing. Ofclior apiarists in our county who 
'kept-liway from tlie contagion-had.no trouble. As to tlie progress of the disease in. 
individual. colonies, I would say that three or four weeks from the time the first 
cells of diseased brood are noticeable "is sufficient to complete the ruin beyond re- 
demption. I. am surprised to liear that, in some localities a colojiy may be affected 
for three or four months before ruin is complete. I have succeeded in raising some 
queens from: one of .these, diseased colonies, treated with the remedy without remov- 
ing the comb-frames, and I will give them every possifjlo chance to reproduce and 
propagate the disease. I .have no fears of a return of the disease. whore the treat- 
ment lias been thorough." 

2. Number of colonies in the apiary, .14- Every colony nearly ruined by -the dis- 
ease in most, malignant form. This apiary is located, on. the same g3.'Dund wliere 145 
colonies x:)erished last year fromdhe same cause. The whole yard had been swept 
clean, everything had been burned up, and entirely new stock procured. Tvvelye 
colonies in this apiary were treated by copioxis and thorough applications of the 
remedy simply by setting the frames apart in the hive so that the spr;iy could bo di- 
rected over both F.idcB. 'Vho frames containing brood were not removed from the 
hive, neither was the honey extracted- - The treatment was applied ever}^ three or 
four days, and in three weeks the colonies were free from all appearance of disease. 
The other 3 colonies were treated with what is known as the coffee cure," finely 
ground coffee being used as an antiseptic. The coffee failed to furnisli any relief* 
Being dusted over and into the cells, it killed the little remaining unsealed brood. 
The salt, alkali, and acid remedy being e,p])l led, these 2 colonies also rallied, and 

emything. is all r.ight noy/," was the last report. 

3, Number of colonies, 100. Number apparemly diseased, 48. A number of colo- 
nies had already been burned when the disease was reported. Th e reiuedy was ' 
'thoroughly applied as directed, and in fifteen days the contagion had disappea.rod.- 

AU the evidence so far obtained seems to prove'^^that pollen is the mt^dium through 
which the contagion is commonly introduced into the hive and by whicli it is com- 
municated to both bees and brood. . 

The bacteria, " the disease germs," haying been lately deposited on the pollen 
(from what source is not positively known, but probably from the decomposing" 
bodies of other insects) before the organisms are washed from the blossoms by the 
rain or killed by the heat of the sun, as they lie exposed to his rays without any 
element essentml to their culture and growth, are carried and stored ^vith the pollen 
in the cell, or pass into the digestive system along with the live pollen taken by the 
bees .for their own ■nourishment, . By this means these agents of destruction are i-n- 
troduced into tiie organism of the bees, and through the same medium are tJiey 
introduced into the cells of the uncapped larvte. The. bacteria,: having ■ found a 
lodgment in the organism of the bee, may or may not canse speedy death. If tiie 
bees are young and vigorous they may resist the ravages of the iniection, yielaing 
only after tlie~organisnr is riddled with the bacteria, but if the bees arc old and low 
in vitality the infection, if left. to itself , brings speedy ruin. .In the spring of the 
year I have dissected bees which had passed the winter in a. colony in winch this 
disease was present wheii the bees were put away in ^vintex cniarters the fall before, 
. Their bodies had been completely honey-combed by the bacteria. 

The fact that if a diseas!3d colony is removed from the infested combs and Inve 
and placed: in an empty hive or in a hive with frames supplied with comb-founda^ 
tion, even if the new hive be at once placed on the old location anel the old i iive and 
infested combs be burned and the bees at once liberated, the disease commonly dis- 
appears, seems also to furnish additional proof that the contagion is usually carried 
into the hive in the poUen^ and, further, that the" disease j^erms " do not long retain 
tlicir virility if exposed to the rain and ray^ of the sun; otherwise the- bees would 
" continue to carry in the infection, : The bees being, compelled to cousume tiie con- 
tents of their honey-sacks in building new; combs, none of the germs remain to be 
regurgitated in the new cells; but by this practice the bees are left to tlie tender 
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mercies of the bacteria^ unless they be treated with an antidote. For obvious rea- 
sons the queens ill such colonies should in any event be superseded as soon as possi- 
ble. This method of treatment also contemplates the destruction or renovation of 
all hives and frames, the destruction of ail broods, and the melting of all combs; a 
large percentage of the capital in honey-producing. : . _ 

Another reason for believing that, except in rare cases, the disease is introduced by 
-means of pollen is found in the fact that the larvae rarely ever exhibit any symp- 
toms of disease until about the time when the process of weaning begins , at V7hich 
time the character of the food is changed from the glandular secretion, the pap, to 
the partiallv digested and undigested food. Live pollen is then added to the larval 
food, and with it the bacteria in greater or less numbers; growth is arrested; death 
ensues; putrilication follows, and the soft pulp, of a grayish-brown color, settles to 
the lower side of the cell. As the mass dries: up it becomes glutinous and stringy 
and reddish-brown in color and emits an offensive odor. Some of the larvae will be 
partially capped, some completely capped, and some left uncapped, the condition in 
which the brood is left depending, I believe, upon the vhulence with w-hich the dis- 
ease attacks both bees and brood. The remedies prescribed appear to destroy the 
bacteria and cure the bees of the contagion and restore them to natural vigor. The 
worker bees then cleanse the liive of dead bees and brood and clean out and renovate 
the cells, and the colony resumes its normal condition. 

That the contagion may sometimes be borne from hive to hive by the v/ind ap- 
pears to be tme, as it v/as observed m one of the apiaries v/hich I treated for this 
disease during the past summer that of a large number of diseased colonies in the 
apiary, with the exception of two colonies, all were located to the northeast of the 
colony in which the disease first appeared. The prevailing wind had been from the 
southwest. 

That the disease -genns may be carried upon the clothing and hands appears proba- 
ble, from the fact that in one neighborhood the disease appeared in only two apiaries, 
the owners of which had spent some time working among diseased colonies at some 
distance from home, while other apiarists in that locality who had kept away from 
the contagion had no trouble from foul-brood. : 

THE CONTROL OF REPRODUCTION. 

The imi:)rovement which has been made in mechanical devices and methods of 
management by the scientinc and practical apiarists of the United States during the 
past twenty-five years has resulted in cstabhshing the claims of the industry of bee- 
keeping to a place among the various branches of rural husbandry which are the 
acknowledged sources of the nation's wealth. Improvements in the art of bee- 
keeping and in the devices by which the art is practiced are continually being made, 
and the degree of advancement made in the past is an earnest of the progress await- 
ing development in the future. 

improvements in devices and methods of management and importing races of 
bees reported to x^ossess desirable qualifies and. Characteristics have chiefly absorbed 
the attention of American bee-keepers. It is not strange that rehance has been 
placed upon these resources as the means by which the best results were to be real- 
ized, rather than upon a persistent and skillful apphcation of the laws of heredity 
and descent and dependence upon the influence of inteUigent selection and sliilKul 
crossing as a means for developing the highest attainable standard of excellence in 
^/le 5ee, the chief factor in permanent advancement. 

The difficulties attending; the control of the process of reproduction, of applymg 
the laws of heredity and descent, and securing the influence of persistent, intelligent 
selection in breeding bees .have appeared to be almost insurmountable. The very 
persistent efforts w-hich ha^^e been made to improve the bees of the United States by 
yearly importations of the best races in their purity has also been attended with 
serious drawbacks and hindrances. These bees, bred for countless generations in a 
foreign habitat and under climatic conditions widely different from ours, are here 
submitted to conditions of domestication for which they are ill adapted. Any modi- 
fication and adaptation of habits, instinct, and physiological structure which may 
have been secured by breeding a few succeeding generations under the altered con- 
ditions and requirements incident to domestication in the United States have been 
lost with each iresh importation of ancestral stock, and the work of securing tlie 
variability and adaptability of instinct, habit, physiological structure, and functional 
capacity essential to domestication here must be begrin a?> im^^o. 

That some practical method might be discovered by which the process of repro- 
duction couLl be controlled has long beeia the hope of all progressive apiculturists. 
With the coiitTol of fecundation assured, progress in scientific apiculture would be 
rapid and permanent. 
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In obedience to your instructions I have continued my oxpcriments in striving to 
discover a practical rnetliod by vv^liicli the fecundation of queen bees may be con- 
troiled. This I have endeavored to accomplish by two difierent methods, in both of 
which I: Imve been in a dej:n'ee successful. During the past summer, howe:^' ex, a 
drought set in in May, almost with the beginning of the breeding; season, which was 
said to be the severest: and most protracted known in this iecahty for twenty-five 
years. No rain fell during eleven weeks, antl during the four v^eeks next succeedmg 
the eleven weeks without rain we had but three light showers, scarcely sufficient to 
lay the dust, practically resulting in an nnbroken, all-consuming drought hfteen 
weeks in duration. Under such conditions I found it imx30ssibie to bring many of 
my experimental tests to a successful issue. 

Having discovered last j^ear that it waa possible to introduce the drone sperm into 
the spermatheca of the queen bee during the term of orgasm by artilicial means, 
and that fecundation v/as practicable by such means, I attempted to perfect a method 
by which this could be done with ease and certainty. For tlio purpose of holding 
tiie q_ueen bee in position for introducnig the drone sperm I m£ide vvdiat I call a 
queen-clamp, which consists of a block of wood 2 inches square and 4 inches long, 
in one end of which is an opening in size and shape like the vtpper tv>' o-thirds of a 
queen-ce]l, with the small end up. This block is sawed in two in the middle, leav- 
ing half the cell-shaped opening on either lialf . Graspmig the qneen by the wings 
or thorax I place her in one half of tbe cell-shaped opening and carefully close the 
other half over her. I then place a rubber band aicamd tlie block and stand it on 
end. This leaves the queen in position, head downv7ard, the lower hpJi of her ab- 
domen protruding, and confined in such a manner that she cannot receive any in- 
jury, For the puriDOse of appropriating and depositing tlie male sperm. I used a 
hypodermic syringe. I removed the sharp injoctiiig needje, and in its place substi- 
tuted- a nozzle having an opening of snflicient sis^e to admit a knitting-needle of 
medium size. Over this nozzle I slipped a small, smooth tube, drawn to a point so 
small that the opening in the small end. is not more than half as large as that in the 
nozzle. After selecting the drone 1 vdsh to use, I grasp the head and thorax be- 
tween the thumb and finger, and by a continued pressure caiiso iiiiii to p(3i"f<;rm the 
expulsion act. I then remove the bean in vvliich the spermatozoa are massed and 
squeeze the Gontentsjnto a very small glass receiver, an eight:]i of an inch in depth 
and in diameter. I then add a drop of glycerine dilnted with warm rain water, and 
take up the spermatozoa with the syringe, using the wide nozzle. I then slip the 
cap having a fine smooth point over the nozzle and mject the spermatozoa into the 
vulva of the queen, Tlie queen, which has been held in position by the clamp while 
the preparations were being made, naturally bends the abdomen downward when- 
ever so confined. The vulva is easily opened to admit the point of the fine nozzle- 
cap when the abdomen is lifted up straight. - Of twenty-seven queens treated by this 
method the last vv^eek in May and the first week in June six jjroved to be success- 
fully fertilized. After that time, although I waB i)ersistent in my efforts to succeed 
and made many and repeated trials, I met with success only occasionally, 

. Another method by which J. succeeded in fertilizing a few queens in May, befora 
the bees began killing the drones, was in the manner described in my report of last 

■ year. I took a nnmber of young queens from nursery cages, clipped their wings, 
and introduced them to queenloss nuclei. When tliey were seven days old, orgasm 

. being well j)rogressed, I placed them ea^ch in turn in a queen-clamp, a.nd, holding 
them back downwards, I picked drones from a, comb taken from a populous hive, 
and Caused them to expel the generative organs, and selecting those in ^vhich tlie 
contents appeared of the color and consistency of albumen, I placed drops of the 
seminal fluid upon and in the vnlva of the queen, which were eager .ly received. 
After the introduction of the drone sperm these queens were treatea by the bees as 

-■ fertile queens, and in one or two days assumed the appearance of fertile laying 
queens, and in from three to six days began to lay fecundated eggs. 

The fact that I did occasionally succeed in fecundating queen bees by these meth- 
ods, which proved upon trial as prolific as any queens I had which had been natur- 
ally fertilized, queens v/hich I had hatched in an incubator and in nursery cages, 
whose wings Iliad mercilessly clipped as soon as they had crawled from the eeii, 
and which I knew had never been upon the wing, seemed to furnish reason to Lope 
tliat I would be able to discover a method which would be miiformlysucceG3fi.il. 
The hope of reaching this much-desired result made me persist in the face of dia- 
eouragements mcident to exj)eriniental work in breeding liees during the prevalence 
of a protracted drought. I am by no means discouraged by the partial success nov7 
realized. On the contrary, I am hopeful that under more favorable conditions bet- 
ter results may be obtained, and nntil other and untried resources fail I should not 
feel warranted in abandoning efi'Ort. 

Observation and exj)eiiment lead me to believe that drone bees differ in degrees 
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of procreativeness, and that the development and exercise of the procreative faculty 
are mider the contrGl of the worker bees. 

First, there appeared to be drones of the impotent sort. If such be taken between 
the thumb a-nd linoer, no pressure short of crushing is sufficient to expel the sex or- 
gan. When forced to position external to the body, or if removed by a dissection, 
the organs are found to be nearly or quite empty, the few spermatozoa being massed 
in a hard lump, and but little mucus being present, and that little watery and clear 
and having no consistency. 

Another sort of drones are those in which the mucus surrounding the spermato- 
zoa is thick and cui'dy. With this sort I have not been able to fertilize a queen. 
The procreative principle is present in quantity, but the element in which it may be 
_ liberated and floated into the organs of the queen appears to be v/anting. 

A third sort of drones are those in which the sex organs are completely filled with 
spermatozoa and an abundant supply of albuminous fluid. It is only with this latter 
sort tha.t I have been able to succeed in fecundating queens. 

The facts observed seem to warrant the belief that it is the prerogative of the 
worker bees to determine the degree of development and dominate the function of 
the drones as they do the succeeding generations of workers and queens, the supe- 
rior intelligence of the workers ordering the entire economy of the hive. During 
the first half of the severe and protracted drought of the past season I was able to 
rear a few drones by resorting to the usuab methods employed for stimulating drone- 
rearing, but one-third of the entire number proved upon trial to be of the sort wdiich 
I believe to be impotent, and nearly all of the remaining two-thirds were of the sec- 
ond class, not more than 5 or 10 per cent, of the entire number being furnished with 
the albuminous liquid necessary to enable the drone to voluntarily perform the ex- 
pulsion act and complete the function of copulation, the filling of the spermatheca 
of the queen; for I am led to believe that the presence of this fluid, more tha,n any 
odor or other influence from the presence of the queen during orgasm, excites in 
the naturally frigid drones the sexual desire and assists in the execution of the ex- 
pulsion act and furnishes the element in which the spermatozoa are floated into the 
spermatheca, and also that the workers intelligently and purposely determine the 
sexual development and dominate the fitness, the desire, and capacity of the drone, 
as they do the physical development, the fitness, the desire, ancf capacity of v/orker 
and queen bees for the natural performance of their individual functions; that is to 
Gay, if drones are reared during a drought by artificially approximating the conditions 
under which the desire for drone-rearing normally arises, only a small percentage cf 
the number v,dil be sufficiently furnished with the food essential to complete sexual 
development, the counterpart of which is seen in a less degree in the rearing of 
worker larvae; and, further, if there is a failure of honey or if for any reason the 
swarming impulse is absent and no emergency exists for the forming of a new col- 
ony, very few of the sexually mature drones are supplied with the food-elements 
essential in producing the secretion v/hich excites sexual desire and supplies the 
agency by which the spermatozoa are freed and floated into the spermatheca, the 
counterpart of which is seen in the refusal of the worker bees to copiously supply 
the queen with the rich glandular secretion essential to oviproduction whenever their 
Instinct warns them that ovipositing should cease and that further brood-rearing 
would only be a waste of energy, resulting in a generation of consumers and non^ 
producers; for the queen is only a niother, and in no sense a majesty; only a ma- 
chine, not a monarch. Other facts in my experience might be mentioned in support 
of this belief . \\ 

.October.l5, Mr. Gtis N. Baldwin, of Clarksville, Mo., wote me that he had met 
with success in practicing the method of fertilization described in my report of last 
year and that he had discovered that drones were of three kinds, namely: * 'Dwarf ed, 
immature, and ripe." As directed by your letter of instructions of November 5, I 
went to Claritsville and interrogated Mr. Baldwin concerning his experience and ob- 
servations, and I herewith give the substance of his statement made in reply to my 
questions. He said, " I first go to my nursery and take the queens and cage them. 
I then go to my hive of drones and pick out as many as I think I may need, and then 
proceed in the manner you describe in your report of 1885. I believe the whole se- 
cret of success lies in the drones, and I am not able to tell how old the drone must 
be, or how the right condition is brought about, or whether it was originally intended 
that only a very small percentage of drones should be capable of fertilizing a queen. 
I have, however, discovered that there are three kinds of drones. First, the drone 
which when squeezed bursts with apparently dry organs of generation. Second, 
drones which burst witli an abundance of seminal fluid resembling a mixture made 
by adding bromides to a silver solution. Third, drones which bursting show a fluid 
resembling albumen. : With the two former kinds I have succeeded in fertilizing a 
/Bingle queen. With the latter Iliave fertilized over two hundred queens the past 
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season witii but few failures after I found out the clilierence in drones, I carefully 
jrrasp the thorax Of the queen between the thumb and linger of the left hand and 
with the right I pick uj) the drone which I iiave selected and press the tliorax and 
abdomen of the drone until the generatiye organs are expelled, using as many as I 
need until I find one in which the color and consistency of the fluid suits me. 
Sometimes only a few of the right kmd can be found in as many as one hundred. : I 
place a few drops of the male fniid upon the vulva of the queen, which is eagerly 
received, Using one, and only one, drone for each queen. I have fertilized queens by 
this niethod that were not a day old, and others more than fifteen days old, and after 
clipping their wings introduced^them to their colonies, and they began laying in from 
six to eight clays and were satisfactorily prolific. As nearly as i could tell, those 
fertilized early were more prolific than those treated after they were ten days old, 
but the right condition of the drone is very essential. It is very difficult to get drones 
ripe enough before the first half of May and after the first half of August, but during 
June and July this method may be operated v/ith gTatifying results. Queens fei-ti- 
lized by this method and directly introduced into a queenless colony are rarely ever 
molested by the bees. I clipped the wings of the first twenty or twenty-five queens 
I succeeded in fertilizing by this method, and finding the method worked to my sat- 
isfaction and with but few failures, I clipped no more wings. " 
: The experience here detailed, as far as it relates to the i^rocreativeness of drones, is 
in agreement with the facts within my own observation already set forth. The 
clairii that a very large number of queens were successfully fertilized as set forth, 
and that, too, with but few failures in the whole number attempted, is lacking in 
the element of absolute certainty and completeness of detail which would entitle it 
to acceptance as of any scientific value. Mr. Baldwin assured me that " there could 
have been no mistake about it;" but in order to effectually guard against all possi- 
bility of the test being abortive, all the queens claimed to have been artificially fe- 
cundated should have had their wings thorough] y clipped before they were liberated. 
But the fact that the repeated successes were realized when the young {pieens were 
clipped upon being taken from the nursery cage, never having had o]>j)()rlunity to 
bear their weight upon their wings, is an encouraging step in advance towards the 
solution of the most difficult problem in practical bee-keeping. Another season, 
with the presence of favorable conditions, -will determine the practicability and value 
of this method. . ;^ V : ' - : 

FEBTILIZATIok IN CONFINEMENT. 

Realizing that natural methods nearly always possess advantages over artificial 
methods, I determined if possible to gain control of reproduction by the fertiliza- 
tion of queens in confinement. That some inexpensive and practicable nietliod 
might be devised by wliich the natural mating of queens in confinement could be 
secured has very long been hoped for by all progressive apiarists. Very many at- 
tempts, in a variety of ways, some of wliich involved the outlay of considerable 
sums of money, have been made, but difficulties apparently insurmountable have 
been encountered. 

I renioved the queens from 6 colonies v»diioli 1 had had confined in the house 
for experimenting with bees and fruit, a house 10 feet by 16 feet, 8 feet high, partly 
covered on the. sides v^ith wire-cloth, a wire-covered sash in the gable, and large 
screen wire-covered doors in each end. These were strong colonies, v/liich had 
been confined in this house for thirty days and hacl learned the loeation of their 
hives, and from these the bees flew daily in great numbers, returning frequently to 
their hives. Into these 6 colonies I introduced virgin queens hatched from cells 
which I had placed in wire cages. Into each colony the virgin queen was placed 
without being removed from tlie cage in which she was hatched, in due time they 
were accepted and liberated. The day these queens were five days old I liberated 
about ten drones near to the entrance'^ of each of these hives. These drones were 
brought from hives in the apiary, and upon being liberated most of them persisted 
in flying against the wire-covered sides and windows in the gable, and few ever en- 
tered the hives. Here again there was frigidity or disability apparent among the 
drones. When the young queens flew from the luve seeking a mate they mingled 
among the drones, crawling over them and caressing them with their antenn£B, 
meeting with no response. These queens, with one exception, seemed to have no 
difficulty in getting the location of their respective hives. The result of tliis iTial 
was, one queen of the six was fertilized, and after she had laid eggs with regu- 
larity in two-thirds of the cells on both sides of one frame, after clipping the 
queen's wings, I removed this frame, with the queen and adhering bees, to a nucleus 
in the yard, and from the eggs laid in confinement worker bees hatched in due 
time, and the queen continued to lay as long as the nucleus was fed, there being 
nothing m the fields for the bees to gather. All the eggs laid by this queen were 
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Being convinced that as far as the queens were concerned the 
cintic uiiies m the way of success were not insurmountable, and that the main trouble 
was Liiab the drones had not been furnished by the workers with the s^landular secre- 
tion or tiie food suitable for producing the albumenlike secretion which I had been 
led lio believe essential to produce sexual desire and to assist in the performance of 
the copiuative act, from these same colonies. I removed the remaining nnmated 
quetms, and to each I introduced another virgin queen as before. " 
. I_theii went to a distant apiary, and secured an unusually strong colony which was 
under tHe farming impulse. A few queen cells were being built and a moderate 
supply or drones was present. This was late in the season. This colony had not 
cast a swarm during the year, and was the only one I could find, after considerable 
search anci inquiry far and near, having any di-ones, a,nd probably owing to the ex- 
cessive cii^oughij only an occasional one of the number examined had been prepared 
by the workers for the procreative function. I took this colony home and Dlaced it 
in tiie wire-covered house at the end opposite that in which the virgin queens were 
located. I clipped the v.-lngs of the old queen so that she could not leave the hive 
and upon hemg liberated the workers and drones of this hive made less effort fco es- 
cape than those brought in from the apiary nea,r by, and some seemed reconciled to 
their new surrounchngs. The workers soon, learned their location and drones were 
soon toj3e found in nearly every hive in tlie house. The result of this trial was that 
tiiree of the six queens were fertilized, and as soon as they had each laid five or six 
hunared eggs 1 clipped their wings and rem oved. them, together with their colonies 
vo the yard and fed them, and all the eggs laid by these queens produced worker 
bees. L am much encouraged by the success so far realized under conditions so un- 
lavorable. " ■ 

^ With the return of spring I hope to follow out your suggestions and continue 
tiie test, using a large wire-covered inclosure for the purpose f with, hives so arranged 
on the sides that the worker bees may have unobstructed flight, while the drones 
and qne&iis, bemg restrained by means of queen-excluding zinc placed before the 
outside entrance to the hive, may fly and mate within the inclosm-e and readily 
ret am to the hives from whence they came. If practical control of reproduction 
can be secured by so simple and inexpensive a method— and the facts from my ex- 
perience as given above seem to warrant the conclusion that this is true—then the 
Kubicon of scientific apiculture is passed. 
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Wiere figtires are enlarged the natural sizes are mdicated in hair-lines at side, 
unless already indicated in some other way on the plate. 



EXPLANATION TO PLATE I. 

^ THE COTTONY CUSHION-SOALE. 

■ ■ : ■ ~ (Original.) 

Fia. 1.— Cf,. adult inale—enlarged; &, liind tarsus 
of same; 6", wing and poJ'ser of same, 

' ^ sbowiug hooks and pocke1>— still more 
- .enlarged. 

Fia. S.— a, newly hatched larva from below— en- 
. da.rg-ed;_ Z>,. antenna of same; c, tarsus- 
still more enlarged. 

Fig. 3.— Adult female, aide view, showing the 
pale, greenisli-gTay form and with part 
of eo-g-eovering- torn away, yhovving the 
carmine eggs and egg'^sta'in — enlarged. 

Fig. 4. — Adult fejiiale, dorsal view, showing red- 
: dish-brown form- -enlarged. 

Fig. 5.— Male CQGOon._— enlarged. - 

Fia. ().— Branch of orange tree with mass of in- 
sect^ ms/ht and as they appear sooii. 
after death-— natural size. 

EXPLANATION TO PLATE 11. 

THE COTTONY cushion-scale: 
(Original.) 

" Fig. 1.— Outlme of the egg—greatly enlarged. 
Fig. 2.— Dorsal view of newly-hatched larvar— 

greatly enlarged. 
Fig. 3.— a, female larva, second stage, ventral 
view— greatly enlarged; b, antenna of 
same— still more enlarged. 



Fig. 4.— Female larva, third stage; ventral view- 
greatly enlarged. 
Fig. 5.— Adult female (fourth Gta?;c). dorsal view— 
: " greatly enlarged; (.7-. antenna— still more 
enlarged. 

Fig. 6.— Greatly magnifled portion of lateral bor- 
der of adult, showing bases of glassy 
filaments. 

Fig. 7.— Male larva, second stage, ventral view- 
greatly enlarged. 
Fig. 8.— Male pupa, ventral view— greatly, en- 
' larged. 

EXPLANATION TO PLATE III. . 
ENEMIES OFTl-IECOTTONY- CUSHION-SCALE. 
(Original.) 

Fig. i.—Isodronms xcerz/a'— greatly enlaj^gcd. 
Fig. 2.—Bla:psUnus 6reuzco?i!f<<?— enlarged. 
Fig. 3. — Blaslobasis iceryceeUa—-eiihivged. 
Fig. 4.; — Lcwgas succincius — enlarged. 
¥iG. 5.—C'oriziLs 'hyali7ius — enlarged. - 
Fig. G.—lTorfwuld foimd preying on leery a — en- 
larged. 

EXPLANATION TO PLATE IV, - 

(Photo-engraved from a photograph.) 

A lemon orchard at Los Angeles, isifested by Ootr 
tony Cushion-scale. 
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EXPLANATION TO PLATE V. 

(Photo-engraved from a photograph.) 

Spraymg' ontfit used m Calif ornira in operAtioii 
against the Cottony Cushion-scale. 

EXPLANATION TO PLATE VL 



THE SOUTHERN BUFFALO-GNAT. 
(Original.) 

Fig. \.'-^-Bivi%iMnm pee-iiarmn: Larva— -enlarged. 
Fkk Ji.^Ct, '^■entral viciw of head of larva; Zj, lat- 
' . eral; c. dorsal view of same— all greatly 
enlarged. 

" Fig. 3.~-a, mentum of larva: o, la1oium, c, labrnm 
of same— all greatly enlarged. 
Fig-, 4i— Pro-leg of larva— greatly enlarged. 
Fia. 5.— a, antenna of larva; mandible of same 
._greatly enlarged ; c, tip of mandible— - 
stSl more enlarged. 
li'iG. 6.--Maxilla ot larva,— greatly enlarged. 
- Fig, 7. — Tip of abdomen of same, showing breath- 
:. ing organs — greatly enlarged. 
Fig. 8i— Pupa — enlarged; a, 6, c, spmes of dorsal 
" £ind ventral surface of abdomen of 
same— still more enlarged, 

EXPLANATION TO PLATE VIL 



THE SOUTHERN BUFFALO-GNAT AND THE 
TURKEY-GNAT. 

(Original.) 

JPm, l.—SimuU'um pecitantm; Fan.df larva — 

'_ greatly enlarged. 

"pia, 2. — Si'imiUiim vieridionale: Larva—enlarged. 

Fig. 3. — Same: a, antenna; 6, mandible— greatly 
enlarged; c, tip of niandible—stili more 
enlarged. ■ - 

Fig. 4 —Same: Mentum— greatly enlarged. 

FiG. 5.--Same: Breathing organs — greatly en- 
larged. 

-Fig. 6.— Same: a, empty pupa-case; 5, case with 
ptipa projectiag from it— enlarged. 

EXPLANATION TO PLATE VIIL 

BUFFALO-GNATS. 

FiGi 1.— pecwcmtni.' Head of adult 
male— greatly enlarged. COriginal.) 

Fig. 2.— Same: Head of adult female— greatly en-- 
. . larged. (Original.) - 

Fig. 3.— Same: Adulfciemale from side— enlarged. 
(Original.) 



Fig. ^r-'SimMlmm mcridiomde: Adult male from 
Bide— enlarged. (Original.) 
h.—S. peciiaram; Dorsal view of adult fa* 
male- -enlarged. (Orlginol.) 

FiG. 0.~S. me/i'idiomilet Dorsal view of adnlt fe- 
male-^enlarged. (Original.) 

Ym.7~-SrmvMmn a, portion of egg-ma sa 
from side; b, same, from top; c\ indi- 
vidual eggs-- emarge^l. (After Barnard. } 

EXPLANATION TO PLATE IX. 

Fig. 1=— Ijarva of Chironomttssp. : a. dorsal view 
- with pediform appendages retracted 

and jaws closed; &, lateral view with 
same parts extended; egg-mass— all 
enlarged; cZ, maxillary palpus; e, labial 
palpus;_ j\ labimn; (/, mandible— still 
more enlarged, (After Riley.) 
Fig. 2. — CMrononms plummus: ff., - adult, dorsal 
view; 6, pupa, ventraJ view— enlarged . 
I (Original.) 

: Fig. Z—Hydropsyche^-^A a, dorsal view of larva 
—enlarged; ft, side view of anal hook 
of same— still more enlarged. .(Orig- 
inal.) - - . 
Fig. 4.— Same: Side view of head and first tho- 
racic segment - of -larva — enlarged. 
- (Original) 
Fig. 5."— Same: Web of larva -- enlarged. (Re- 
drawn from Clarke.) 

: EXPLANATION TO PLATE X, 

THE FALL WEIi-AYORM. 

(Original.) . 

Fig. L— a, dark larva from side; &^ light larva 

from above; c, daric larva from above; 

d, puija, ventral view ; e, piipaf roin yide; 

/, adult— all .^lightly enlarged".. -. 
jfiQ, 2._a-i, wings of a series of adliit;?, sho-^^^ing 

graduation from pure white form 

i,cimea) to one profusely spotted with. 

-black and brown {■pVjnctuUasima) — nat- 

ui'al size. 

Fig. 3.— a, - moth ovipositing upon leaf— natm'al 
size; b, a few eggs in situ — enlarged. 

jTjQ,- ^—Meteorus hyphanttHce: a,_ adult; "6, CO- 
coon— enlarged. 

" EXPLANATION TO PLATE XI. ■ 

- (Rhoto-engraved from a photograph.) 

View of a Washington street in late September, 
- 1880, showing complete; flefoliation of 
the Poplars on the west- side and almost 
complete exemption of .the Jlaplea on 
. the east side. . ' 




TiiK Cottony Cushion-scale. 



Heport of the Entomologist, IT. S. Department of At,riculture, 1886. PLATE III, 




Fig. 4. 



Ekemies of thb Cottony Cushion-scalk. 




Spkaying Outfit in ofekation against Cottony Cushiox-scale. 



Jtofiortof the EiitomoloRisi, U. S. Dopftrt4neiit of Agriculture, 1886. 



PLATE VI 




Fig. 7. pj^,^ 6 



TlIF SOUTHRRN BUFPAl^ GXAT 



IlQ{K)rt of tlio BulomoIogUt, V. S, Di^iartiiu'iit of Agrici^Uuro, 188G. 



PLATE VIII. 




Thk Southern Buffalo Gnat and thk Turkey Gnat. 



Report of the Entomologist, tJ. S. Department of Agriculture, 1886. PLATE IX. 




Fig. 5. 



Keport of the Entomologist, U. S. Department of Agriculture, 18d6. 



PLATE X. 




Fip. 4. 



Thk Fall Web- worm. 



REFGRT OF:TflE CHIEF :OF_THE BUEEAU OF AmiAL 

IIDUSTRY. 



Sir: I have the honor to transmit herewith my report, which con- 
tains a statement of the more important work accomplished by the 
Bureau of Animal Industry during the past year. For many inter- 
esting details o£ this work, and for the reports of the Agents and In- 
spectors, I must refer you to the Third Annual Eeport of the Bureau 
of Animal Industry. - 

D. E. SALMON, 
Chief of the Bureau of Animal Industry. 
Hon. Norman J. OoLMAN, 

Commissioner of Agriculture. 



PROGRESS OF PLEURO-PNEUMOOTA AND ACTION TAKEN 
IN REGARD TO IT. 



KENTUCKY. 



At tne time my last annual report was submitted the outbreak of 
pleuro.pneumonia m Kentucky, which began in 1884, was still in 
progress. A portion of the history of this outbreak is recorded in 
^^Pf^*^ Bureau of Animal Industry for 1884 and 1885* 

When hrst discovered the plague was confined to one herd. There 
was an attempt to maintain quarantine by the force of public opinion 
m the absence of any specific statutes, but, as was to be expected it 
was not successful. The danger of the extension of the contagion 
was such, that on June 15, 1885, the infected premises were declared 
in qnarantme by authority of the State board of health. At that 
time an additional herd was found infected and included in the re^- 
tiiations, a copy of which will be found on page 35 of the Report of 
the Bureau of Anim:al Industry- for 1885. By request of the board 
an inspector of the Bureau was stationed at Cynthiana to watch the 
results of this quarantine. Noyember 16, 1885, he reported that the 
disease had been found at 6 places in Cynthiana, at 3 places in the 
Indian Creek neighborhood, 3^ miles east of Cynthiana, and at one 
place near the Pendleton County line, 13 miles north of Cynthiana 

Early m March, 1886, the legislature of Kentucky enacted a law 
authorizing the State board of health to slaughter the infected cattle 
and appropriated money to compensate the owners. The slaughter 
began on March 15, and on March 27 I received official notification 
that all exposed animals had been slaughtered. I give below a copy 
01 a letter from the secretary of the board to the Chief of the Bureau 
of Animal Industry, which shows his estimate of the value of the 
services rendered by this Department in suppressing the malady: 

Bowling Green, Ky., iliarcTi 27, 1886. 
Sir: I hava the iionor to inform you, as Dr. Wray has done in detail, that in the 
execution of tha recently enacted law in relation to contagious and infectious dis- 
eases ot cattle .his^board^ ias extem^^ contagious plenro-pneumonia in this 
State by the slaughter of all ainmals which have been exposed to that disease and 
rigidly quarantined all infected premises. auu 
^38 AG-^m (093) 
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In consequence of the foregoing facts, we hope to have the influence of your De- 
partment in securmg the removal of the restrictions now imposed against Kentucky 
cattle most of the Western States. - ' ' . " 

I desie also to call your attention to the inclosed resolution in regard to Dr. Wray , 
and to add that there is every reason to believe that but for the timely and efficient 
aid rendered me by your Department during the last year the disease would have 
made such headway, and the sum of money required for its extirpation would have 
been so large, that our legislature could not have been induced to extirpate the dis- 
ease. I inclose a copy of our law and quarantine blanks, 

Respeetfullyj yours, ■ ^ : , 

; J. N, McCOEMACK, 

Dr/D. E. Salmon, . Secretary, 
Chief of the Bureau of Animal Industrie 

Eesolved, TYi&t the thanks of the State board of health of Kentucky be, and are 
hereby, tendered to Dr. W. H. Wray for the faithful, eificient, and intelligent man- 
ner in which he has discharged his importaiit duties in the management of the out- 
break of contagious pleuro-pneumonia in Harrison County, 

A true extract from the proceedings of the board. 

- J.- 1^^, McOOmiACK, Secretary , 

Dr. Wi^ay furnished tile following statement, slio wing the number 
of inf ected herds and animals iii the v"ioiirity of Cynthiana, and the 
results of the disease at each plaee : 

Previous to August 4, 1885, four animals in the Frisbie & Lake herd had died and 
14 sick ones had been slaughtered. From and after August 4 the extent of the dis- 
ease and the disposition of the animals is seen in the following table: 
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Di.% Wr% remained at Cyntliiaiia mitil June 22, or about three 
months after the last affected animal v>^as slaughtered^, and no case 
of this disease was discovered dnring that time. I have recently had 
reliable reports from that vicinity, and I am satisfied that no case of 
pleiiro-pnenmonia has occurred since the slaughter of the infected 
. cattle-invMarch; 

This outbreak in Kentucky by itself indicates the great superiority 
of a method which secures the prompt extirpation of the contagion 
over any temporizing measures, the effect of which is to preserve in- 
stead of to destroy it. As soon as pleuro-pneumonia was known to exist 
in Kentucky the other States of the Union quarantined against Ken- 
tucky cattle, and the enormous commerce in these animals was pros- 
trated: The local quarantine measures were looked upon by the au- 
thorities of other States as an insufficient guarantee of the safety of 
cattle from Kentucky, and therefore no bovine animals were allowed 
admittance from there except under rigid and burdensome restrictions. 
These restrictions, maintained for nearly two years, are estimated 
to have caused a loss to the cattle-breeders of the State of from 
$10,000,000 to 112,000,000; a loss which would have been entirely pre- 
vented if there had been authority for this Department to cause the 
prompt destruction of the infected herds when the plague was first 
discovered. 



ILMNOIS. 

.In September, 1886, pleuro-pneumonia was found by the State vet- 
erinarian to exist among cattle in the city of Chicago and vicinity. 
It was first discovered on the farm of John Carne^ at Kidgeland, near 
Austin, a station on the Chicago and Northwest ern Railroad, 6 or 7 
miles from Chicago. The diseased animal was killed September 12, 
and the pp5^ mortem examination showed concliisively'tW it was 
affected with lung-plague. This cow had been on the premises a long 
time, but she had recently; been exposed to an ailing cow that Mr. 
Carne had taken for trial with the intention of purchasing; This sick 
cow was brought on the place by Silas Palmer, a cow dealer, who had 
pastured her for _some time previous on the Harvey farm, near Hum- 
boldt Park. It was -represented to Mr, Carne that the cow was suf- 
fering from bad treatment and would soon recover. After doctoring 
it for two or three weeks with no success the dealer was notified that ^ 
it was not wantedV and he removed it. 

In an attempt to trace the contagion the Harvey farm was visited 
by the State veterinarian September 16 and 10, and he found there 250 
head of cattle, among which were 8 aif ected with pleuro-pneumonia. 
These animals were at once quarantined. An investigation of the 
history of the disease at this farm led to the conclusion that it had 
been introduced by a herd of 38 cows brought there to pasture by a 
milkman named Quinn, who had recently removed his animals from 
1 h 3 Phoenix Distillery stables. This led to an examination of the cat-- 
tie in the distillery stables, and to the discovery that many of them 
were aifected- with pleuro-pneumonia. 

The Plioenix stables were quarantined September 19. They con- 
tained-l,18o animals, of which: 297- were l^stern steers and^ bulls^ . 
which had been placed thereto fatten September 15 by Nelson Morris. 
The remainder of the animals were milch cows, belon^-ing to a number 
of different owners. The stables of the Chicago and Empire Distil- 
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leries were qiiarantmed the same da^^^ They contained respectively 
496 and 207 animals. The Slmfeldt stahles contained 985 animalSj 
and were qiiaraiitined Sept eniher 20. 

: A further examination; of; the cattle oi Mr. Carne September 
18 showed that another one was sick^ and this/ togeth.er with two 
exposed ones, was slanghtere4 The day before, September 17, two 
snaking oalyes were found affected at the Harvey farm and were 
slanghtereti, : : 

September 20 two sick cows were killed at the Phoenix and f onnd af- 
fected withplenro-pnenmonia. ; September ^32 the Chief of the Bnrean 
of Animal Indnstryy in company with the State veterinarian and 
members of the State Li ve-Stock Gommission^ made an investigation 
at the Phoenix and Shnfeldt stables, to satisfy himself as to the nature 
of the disease. The examination was m ade on one animal that had 
died and two that were killed at the former stable, and npon one that 
was killed and one found dead at the latter. All were undoubtedly 
affected with contagious pleuro-pneumonia. 

The milkmen at first denied the existence of any disease among 
their cattle, but when the evidence became too strong to be longc^r 
contested it was admitted that they had recognized the presence of a 
lung disease in 1884. They at first attributed it to chemicals used in 
the mash by the distillers, aiscy to feeding the slop too hot, but they 
finally concluded it was contagious pleuro-pneumonia^ and were prac- 
ticing inoculation to lessen the mortality. 

The progress of the plague after quarantine may be seen from the 
following notes made from day to day bjf the veterinarians. A part 
of these were kindly furnished by Dr, Casewell, State veterinarian, 
and the remainder were eoUeoted by Dr; Trumbower, inspector of the 
Bureau of Animal Industry. It is to be borne in mind that thB mor- 
tality was probably lessened by the practice of inoculation: 

September 38 : 1 slaughtered and 1 found dead at the PKcenix ; 1 slaughtered and 
1 found dead at the Shufeldt. 
September 24i 2 slaughtered at the CMcago. 
September 25: 1 slaughtered and 1 found dead at the Phoenix. 
September 27: 1 slaughtered at the CMcago and 3 found dead at thei Phcenis. 
September 30: 1 dead at the Shufeldto 
October 3: 2 dead at the Phoenix. 
October o : 1 dead at the Phcenix. 

October 4: 1 dead at the Chicago and 2 dead at the Phoenix. 

October 5: 8 dead and 1 slaughtered at the Phoenix; 1 dead at the Chicago; 1 dead 
at the Empire, 

October 6: 1 dead at the PhoBnix; 1 dead at the Chicago. 
October 8: 1 slaughtered at the Chicago. _ 

October 10: 1 slaughtered and 1 dead at the Chicago; 1 dead at the Phoenix. 
October 11: 1 dead at the PhcBnix. 
October 12: 1 dead at the Shufeldt. 

October 13: 2 dead at the Chicago; 1 dead at the Shufeldt. 

October 16: 1 cow and 1 steer dead at the Phoenix (this was the first steer that 
died of pleuro-pneumonia out of tiie lot placed in these stables September 15); 1 dead 
at the Shufeldt; 10 cows were taken at the Shufeldt and slaughtered at the abattoir; 
lungs found healthy. 

October 17: 1 slaughtered and 1 dead at the Cliicago; 1 cow and 2 bulls from 
the Phoenix slaughtered, lungs healthY. 

October 18: 1 cow at the Shufeldt slaughtered, affected; 4 slaughtered from tlie 
Phosnix, lungs healthy; 7 slaughtered from the Chicago, lungs healthv, 

October 19: 2 cows and 1 steer dead at the Phoenix; 1 dead at the Chicago; killc d 
14 cows from the Phcenix, lungs healthy. 

October 20: 1 coy7 and 2 steers dead at the Phoenix, only 1 of the latter affected 
with lung-plague; 2 healthy cows from the Phoenix slaughtered; 1 dead at the Chi- 
cago. 
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October 21 : 3 dead at the Shiifeldt; 1 dead at the Chicago; 3 dead at the Phoenis; 
slanghtered 3 healthy cows to 

October 22: 2 steers dead at the Phoenix; 1 dead at the Shufeldt; slaughtered 5 
aliected animals at the Shufeldt. 

October 23: 1 dead at the Chicago; 1 dead at the Shufeldt. 

October 24: 2 dead at the Chicago and 1 affected animal slaughtered. 

October 25: Slaughtered 11 at the Chicago, aU healthy; 1 cow and 2 steers dead at 
the Phoenix; slaughtered 16 cows from the Phoenix, all healthy, 

October 26: 1 steer and 1 cow dead at the Phoenix; slaughtered 24 cows from the 
Phoenix, 3 alJected; 1 dead at the Shufeldt. 

October 27: Slaughtered 14 cows and 2 calves from the Phoenix, lungs healthy; 1 
eow and 1 bull dead at the Phcenix. 

October 28: killed ^ cows at the Shufeldt, 1 affected with plem*o-pneumonia and 
1 with chi'onic indigestion. 
- October 29: 1 dead at the Shufeldt. 

October 30: 1 affected killed and 1 died from choking at the Shufeldt; 1 affected 
steer killed and 3 steers dead at the Piioenix. 

October 31: 1 dead at the Shufeldt; 1 dead at the Phoenix. 

November 1: Slaughtered 3 at the Shufeldt, lungs healthy; 1 dead at the same 
place; slaughtered 14 cows from the Phoenix, 5 of which were affected. 

November 2: 1 dead at the Phcenix. 
: November 3* Slaughtered 18 cows from the Phoenix, 5 affected; 1 steer aad 2 cows 
dead at the PhxBnix. 

November 4: 1 cow dead at the Shufeldt; killed 1 cow, lungs healthy j killed 5 at 
the Chicago, lungs healthy; 1 steer dead at the Phoenix. 
November 5: 2 cows and 1 steer dead at the Phoenix; 1 cow dead at the Shufeldt, 
November 6: 1 steer dead at the Phosnix. 

November 7: 1 steer dead at the Phoenix; 1 cow dead at the Shufeldt. 
November 8: 1 slaughtered at the Shufeldt, affected; 1 steer dead at the Phoenix. 
November 9: slaughtered 14 from the Shufeldt, 9 affected. 

November 10: 1 steer and 1 bull dead at the Phoenix; slaughtered 19 from the 
Shufeldt, 2 affected. 
November 11: 2 steers dead at the Phoenix. 
November 12: 1 cow dead at the Phoenix. 

November i3: 1 cow dead at the Shufeldt; visited Harvey farm and found 2 new 

cases. \- ' ■ \-/ - ■ - - 

November 14: 2 steers dead at the Phcfenix; 1 cow dead at the Shufeldt; examined 
45 cows, 2 affected, ^ 

November 15: Slaughtered 2 cows from the Phoenix, both affected; also 11 from 
the Shvif eldt, 4 affected. 

November 16: 2 cows dead at the Shufeldt; 2 cows dead at the Phoenix. 

November 17: 1 steer dead at the Phoenix; 1 cow killed at the Chicago, affected. 

November 18: 1 cow condemned at the Phoenix. 

November 19: KiUed 6 cows from Phoenix, 2 affected; 1 steer dead at sarae place, 
November 21 : 1 cow dead at the Shufeldt. 

November 22: 1 steer dead at the Phoenix; 1 cow dead at the Shufeldt, 

November 24 : 1 cow slaughtered from the Shufeldt, lungs healthy. _ 

November 25: Slaughtered 1 diseased cow at Ridgeland. 

November 26: 3 cows dead at the Shufeldt, 1 of which died from choking. 

November 27 : 1 cow dead at the Shufeldt; 1 cow dead at the Chicago; slaughtered 
12 cows from the Phoenix, 1 of which was affected. 

November 30: 1 cow and 1 steer dead at the PhcBnix; slaughtered 5 affected steers 
and bulls at same place. 

November 28: Slaughtering was begun on a larger scale, in order to empty the 
distillery stables as soon as possible. The figures given below, which show the pi"0- 
portion of slaughtered animals that were more or less affected with pieuro-pneumo- 
nia, are of great interest, because they demonstrate the advisability of slaughtering 
all animals once exposed to the contagion. Many of the affected cattle presented 
no symptoms of disease before slaughter, but the condition of their lungs was such 
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as to make it very certain that tliey were capable of disseminatiiig the contagion 
for ail indefinite period. The record is as follows: 
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1,031 



Of the 297 steers and bulls wMcii were put in the Phoenix stables 
September 15 by Mr. Morris, 37 affected with pleuro-pneumonia died 
or were killed for examination previous to the 28th of IN ov ember. 
Three others died of Texas fever and 1 cripple was killed up to the 
same date. November 29 and 30 and December 1, 244 of the re- 
mainder were slaughtered, of which 182 were found aflEected. 

One of the inspectors of the Bureau of Animal Industry was sta- 
tioned at the rendering company's platform from^ October 19 to 
, . vember 30, to make post mortem exajmination of all cows coming 
there from the city of Chicago. During that time he examined 19 
cows, of which 6 had died of lung -plague. \ 

The following table shows the number of cattle placed in quarantine 
in Ghicago and vicinity from October 13 to November 30, ail being in 
private herds and stables, and the greater part of which were quaran- 
tined because of exposure to affected cattle on the various commons 
about the city. 
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* Stables. 
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The above is a brief resume of the work that has been accomplislied ; 
in OMcago by GO-operatioii between the State Live-Stock Commission 
and the Bureau of Animal Industry since the dis(30very of the recent 
outbreak of pleuro-pneumonia. As there was great apprehension 
that cattle would- be removed from the ciistillery stables and dissemi- ■ 
nate the disease in Illinois and other States, a guard of deputy sheriifs 
was placed at each stable and at the Harvey farm. Two were on duty 
at each place during the day and four at night. Besides these, two men 
were employed to count the cattle daily, in order that any decrease in 
number would be at once discovered. Six veterinary inspectors were 
also ordered to Ghicago to inspect the city and learn to what extent 
the contagion had progressed ouyide of the distillery stables. 

The following rules and regulations for co-operation were certified 
to the governor of Illinois and accepted by him: 

Eules and regulations for cO'Operatim between ^^^^ U. S. Department of Agriculture 
and the authorities of the several States and Territories for the suppression and 

extirpation of contagious pleiiro-2meiimo7iia of chttle. 

Recent acts of Congress make it the duty of the Commissioner of Agriculture to 
prepare rules and regulations for the suppression and extirpation af the contagious 
pleuro-pneumonia of cattle, and authorize expenditures for investigation, disinfec- 
tion, quarantine, and for the purchase of diseased animals for slaughter. The fol- 
lowing are the sections bearing upon this subject; 

" Skc. 3. That it shall be the duty of the Commissioner of xlgr] culture to prepare 
such rules and regulations as he may deem necessary for the speedy and effectual 
suppression and extirpation of said diseases, and to certify such rules and regula- 
tions to the executive; authority of each Btate and Territory, and invite said author- 
ities to co-operate in the execution and enforcement of this act. Whenever the 
plans and methods of the Commissioner of Agriculture shall be accepted by any 
Htate or Territory in which pleuro-pneumonia or other contagious, infectious, or 
communicable disease is declared to exist, or such State or Territory shall hav^e 
adopted plans and methods for the suppression and extirpation of said diseases, and 
such plans and methods shall be accepted by the Commissioner of Agriculture,. and 
whenever the governor of a State or other properly constituted authorities signify 
their readiness: to co-operate for the extinction of any contagious, infectious, or 
communicable disease in conformity with the provisions of this act, the Cornmis- 
sioner of Agiiculture is hereby authorized to expend so much of the money appro- 
priated by this act as may be necessary in such investigations, and in such disin- 
fection and quarantine measures as may be necessary to prevent the spread of the 
disease from one State or Territory into another." (Approved May 39, 1884.) 

BUREAU OF ANIMAL INDUSTRY. 

" For carrying out the provisions of the act of May 29, 1884, establishing the Bureau 
of Animal Industry, $100,000; and the Commissioner of Agriculture is hereby au- 
thorized to lise any part of this sum he may deem necessary or expedient, and in 
such manner as he may think best, to prevent the spread of pleuro-pneumonia, and 
for this purpose to employ as many persons as he may deem necessary, and to ex- 
pend any part of this sum in the purchase and destruction of diseased animals when- 
ever in his judgment it is essential to prevent the spread of pleuro-pneumonia from 
one State into another." (Approved June 30, 1886.) 

In accordance with these laws I hereby certify the following rules and regulations 
for co-operation between the Department of Agriculture and the authorities of the 
several States and Territories, which I deem necessary to insure results commen- 
surate with the money expended: ^ ^ ^ 

INSPECTION. 

1. The necessary inspectors will be furnished by the Bureau of Animal Industry 

of the Department of Agriculture. 

2. The properly constituted inspectors of the Bureau of Animal Industry w^hich 
are assigned to the respective States are to be authorized by proper State authorities 
to make inspections of cattle under the laws of the State; they are to receive such 
protection and assistance as would be given to State officers engaged in similar work, 
and shall be permitted to examine quarantined herds whenever so directed by the 
Commissioner of Agriculture or the Chief of the Bureau of Animal Industry. 
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3. AH reports of inspections will be made to the Bureau of Animal Industry, and 
a copy of these will then be made and forwarded to the pro|)er State authorities. 
When, however, any inspector discovers a herd infected with contagious pleuro- 
pneumonia, he will at once report the same to the proper State authority as well as 
to the Bureau of Animal Industi'y. 

4. The inspectors, while always subject to orders from the Department of Agii- 
culture, will cordially co-operate with State authorities, and will follow instructions 
received from them. 

QUABANTINE. 

5. When contagious pleuro-pneumonia is discovered in any herd, the owner or 
person in charge is to be at once notified by the inspector, and the quarantine regu- 
lations of the State in which the herd is located are to ba enforced from that time. 
The affected animals will be isolated, when possible, from the remainder of the herd 
imtil they can be properly appraised and slaughtered. 

8. Quarantine restrictions once imposed are not to be removed by the State au- 
thorities without due notice to the proper officers of the Department of Agriculture. 

9. The period of quarantine will be at least ninety days, dating from the removal 
6i thfe last diseased animal from the herd. During this period no animal will be 
allowed to enter the herd or to leave it, and all animals in the herd wiU be carefully 
isolated from other cattle. 

When possible, all infected herds are to be held in quarantine and not allowed to 
leave the infected premises except for slaughter. In this case fresh animals may be 
added to the herd at the owner's risk, but are to be considered as infected animals 
and subjected to the same quarantine regulations as the other members of the herd. 

SLAUGHTER AND COMPENSATION. 

10. All animals a{fected with contagious pleuro-pneumonia are to be slaughtered 
as soon after their discovery as the necessary arrangements can be made. 

When diseased animals are reported to the State authorities, they shall promptly 
take such steps as they desire to confirm the diagnosis. The animals found diseased 
are then to be appraised according to the provisions of the State law, and the proper 
officer of the Bureau of Animal Industry (who wiU be desi^ated by the Gommis- 
. sioner of Agriculture) notified of the appraisement. If this representative of : the 
Bureau of Animal lndustry confirms the diagnosis and approves the appraisement, 
the Department of Agriculture will purchase the diseased animals of the owner and 
oay such a proportion of the appraised value as is provided for compensation in 
juch cases by the laws of the State in which the animais are located when they are 
oondernned and slaughtered by State authority, 

DISINFECTION. 

12. AH necessary disinfection will be conducted by the employes of the Bureau of 
Animal Industry. 

: - ^ INOCULATION. 

13. Inoculation is not recommended by the Department of Agriculture, and it is 
believed that its adoption with animals that are to be afterwards sold to go into other 
herds would counteract the good results which would otherwise foUow from the 
slaughter of the diseased animals. It will not be practiced in this State. 

The co-operation of governors, of State five stock commissions, and of other offi- 
cers who may be in charge of the branch of the service provided for the control of 
the contagious, diseases of animals in the States where pleuro-pneurnonia exists, is 
earnestly requested under these rules and regulations, which have been framed with 
a view of securing uniform and efficient action throughout the whole infected 
district. It is hoped that with a vigorous enforcement of such regulations the dis- 
ease may be prevented from extending beyond its present limits, and may be in time 
entirely eradicated. 

- ■ - Vr - ; - \. norman j. colman,. : . 

. - - ' ' ■ ^ ' Commissioner of Agriculture, 

Washington, D. C, ^'W^ttsrs, 1886. 

By virtue of the authority imposed upon me as governor of the State of Illinois I 
hereby accept the above rules and regulations, and the proper officers of this State 
will co-operate with the United States Department of Agriculture for their enforce- 
ment. . 

EICHARD J. OGLESB^.i 

SFEiNaFimiD, III. J Septmib& Wtt 1886. 
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The Department has not pnrchased diseased animals for slanghte 
in Illinois, because the law of that State makes it the duty of the 
liTe-stoGk Gommissionei's to slaughter such animals at once withont* 
compensation. With this law on the statute-books of the State, and 
with no apparent reason why it should not be enforced, it was not 

essential to prevent the spread of pleuro-pneumonia from one State 
into another" that any part of the appropriation should be used in 
Illinois to purchase diseased animals for slaughter. This conclusion 
was confirmed by the desirability of adopting only such measures as 
conform with the statutes of the States in which thie work is being 
done, so long as our only authority to enforce regulations within the 
States must be obtained from State legislation. 



PROGRESS OF CO-OPERATION WITH OTHER INFECTED STATES. 

Co-operation with the other infected States has not progressed as 
satisfactorily as was anticipated. In the latter part of July a con- 
ference was held in Philadelphia, at which were present the Chief 
of the Bureau of Animal Industry^ and representatives of the States 
of New Jersey, Pennsylvania, Pelaware, and^Maryland. In formu- 
lating the rules and regulations for co-operation as much considera- 
tion was given for the views expressed at that conference as was con- 
sistent with the object that was to be accomplished. It was under- 
stood at the time that the four States there represented would co- 
operate with this Department under any reasonable rules and regu- 
lations. 

Rules and regulations were issued on August 2, and sent to the 
governors of the interested States for their acceptance. With the 
exception of the following rules, which were omitted or changed in 
the case of Illinois, they were identical with those given above as ac- 
cepted by that State: 

6. To insure a perfect and satisfactory quarantine, a chain fastened with a num- 
bered lock will be placed around the horns, or with hornless animals around the 
neck, and a record will be kept showing the mimber of the lock placed upon each 
animal in the herd. 

7. The locks and chains will be furnished by the Department of Agriculture, but 
they will become the property of the State in which they are used, in order that any 
one tampering with them can be proceeded against legally for injuring or embez- 
zling the property of the State. 

8. Quarantine restrictions once imposed are not to be removed by the State author- 
ities without the consent of the proper officers of the Department of Agriculture. 

INOCULATION. - 

13. Inoculation is not. recommended by the Department of Agriculture, and it is 
believed that its adoption with animals that are to be afterwards sold to go into 
other herds would counteract the good results which would otherwise follow from 
the slaughter of the diseased animals. It may, however, be practiced by State au- 
thorities under the following rules : 

14. No herds but those in which pleuro-pneumonia has appeared are to be inocu- 
lated. 

15. Inoculated herds are to be quarantined with lock and chain on each animal, 
the quarantine restrictions are to remain in force so long as any inoculated cattle 
survive, and these animals are to leave the premises only for immediate slaughter. 

16. Fresh animals are to be taken into inoculated herds only at the risk of the * 
owner, and shall be subject to the same rules as the other cattle of the inoculated 
herd. 

17. The Chief of the Bureau of Animal Industry is to be promptly notified by the 
State authorities of each herd inoculated, of the final disposition of each member of 
the herd, of ila^ po^i mortem appearances, and of any other facts in the history of 
the herd which may prove of value. 
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^ Tlie Stat© of New York was not representea at tfe conference, as 
tlie Btate veterinariaiv Prof. J ames Law; was tlien attending to some 
bnsiness in tlie Western States. After retnrning, liowever, lie gave 
it as tiis opinion that, with tlie large mimher of infected herds laiowii 
to exist on Long Island and in the city of Hew York and; vicinity, it 
wonld be nnwise to attempt to control the plague with the i^resent 
small appropriation. : " ^ ' V 

: The governor of N^ew Jersey has not accepted the rnles. and it ap- 
peara that the obstacles to co-operation were Eules 8 and 15. The 
objection to Rule 8 was removed by an offer from this Department to 
chkige the reading from without the oonsen^^ the proper ofScers 
of the Department of Agriculture" to ''without due notice to the 
proper officers of the Department of Agriculture." This concession 
was also made to the State of Illinois, but the experience of the last 
four months leads me to the opinion that it would be wiser for the De- 
partment to adhere to the original reading. State authorities often 
have very different ideas from those entertained by the officers of this 
Department as to the time when.it is safe to remove ciuarantine re- 
strictions. They consequenrtsly object to restrictions which they can- 
not remove at will. On the other hand, if the National Government 
appropriates money to pay the expeiiise of this work, there certainly 
should be some guarantee" that the proper regulations are enforced. 

The objection to Rule 15 still stands^in the way of co-operation with 
ITeAy" Jersey. The State aufhorities have adopted the practice of in- 
oculation, and release the. inoculated herds from quarantine after a 
short period of isolation. After carefully considering the question 
and-'all the -SGientific evidence bearing upon it, I am of the ojnnion 
"that it is useless to attempt to eradicate pleuro-pneumonia in States 
where- inoculation is practiced and where inoculated animals; are 
afterwards allowed to mingle with the cattle of other herds. The 
; money expended for the purchase M diseased animals for slaughter 
under such conditions is eonsequentiy to : 

The State authorities of New Jersey, however, have been assisted 
by emplbyihg one or more veterinarians nearly the whole time, whose 
duty it has been to iirvestigate reported outbreaks of disease and give 
such aid as was needed in inspection and in enforcing the State quar- 
antine regulations. Thirty-one infected herds have been reported 
from this State, containing 530 animals, of which 42 were diseased. 
. The governor of Pennsylvania has also failed to accept these rules 
and regulations. His reasons for not acting on them are unknown 
: to ; me. The governor's agent in charge of the- pleuro-pneumonia 
- work raised some objections to Rulelo, but admitted that its enforce- 
ment would make no great difl:erence to the State. Inoculation is 
; practiced by the Pennsylvania authorities also, but mth the small 
,number of outbreaks reported it w^ould; certainly be advisable to 
; slaughter- all diseased and exposed anim^ils and thus rid the State of 
the plague at once. : = 

Virginia is the only remaining State infected with pleuro=pneuriio- 
nia where the authorities have not accepted the rules a,nd regula- 
tions. The attention of the governor has. been called to the desira- 
bility of eradicating the disease from the State, but up to the present 
he has taken no action. - - ; 

The governors of Delaware and Maryland have accepted the rules 
^ and regulations as issued, and without modification of au}^ kind. No 
cases of pleuro-pneumonia have been reported from Delaware since 
Buch acceptance. \ 
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■ Co-operation with antlioritiGs of tiie State of Maryland has "been ; 
more satisfactory than with those of any other State. The local 
laws are good/ and the work has heen very largely in the hands of 
the inspectors of this Department. The number of infected herds 
reported from this State is 196, containing 2/377 animals, of which 
705 were diseased. Dr. Wray, the inspector who has been in charge 
of the work in Maryland since Septemher 20, reported under date of 
December 7 that since the former date 122 herds, containing 1,354 
animals, had. been put in quarantine, and that 92 herds/ containing 
1,089 animals, were still held under such restrictions. Since July _1 
this Department has purchased and slaughtered in Maryland 308 
diseased cattle, f or which $7/069 was paid/heing an average of about 
$23 per head.: : , - / 

_ In Maryland the quarantine has been made very efficient by plac- 
ing a chaih, fastened with a numbered lock, around the horns, or, 
with hornless cattle around the neck, of every exposed animal. This 
has prevented the substitution of one animal for another, and it has 
also led to the prompt detection of an3^ quarantined cattle which have 
been allowed to stray beyond the boundaries of the infected premises. 
The sick animals have been promptly slaughtered, and it is^ believed 
that the good effects of this work are already seen in the decreased 
number of new herds infected. In a number of cases where infected 
herds have been of unustial: danger to surrounding cattle this De- 
partment has purchased and destroyed the sick animals, and the State 
lias then condemned and slaughtered the remainder of the herd, thus 
entirely eradicating the disease at once. Unfortunately the State 
appropriation has not been large enough to do this in as many cases 
as seemed desirable. 

Ko recent investigations have been made in Pennsylvania. Tli.e 
governor's agent, Mr, T. J. Edge, reports that during' the year end- 
ing November 30, 1886, 128 diseased animals were condemned and 
slaughtered. 

INVESTIGATIONS OP SWIKE 

In view of the results of investigations which have shown the 
existence of two distinct infectious diseases. in swine, perhaps of equal 
virulence and distribution, a change in the nomenclature becomes 
necessary in order to avoid any confusion in the future. Since these 
two diseases Imve been considered as one in the past, and the names 
swine -plague and hog-cholera have b een applied indiscriminately, we 
prefer to retain both names, with a inore restricted meaning, using 
the name 7iog-c/io/6ra for the disease described in the last report as 
swine-plague, which is produced by a motile bacterium, and apply- 
ing the name swine-plague to the other disease, the chief seat of 
which is in the lungs. This change is the more desirable since recent 
investigations have shown that the latter disease exists in Germany, 
where it is called swine-plague (/S'c&^t^e^Wsewc/ie). 

INVESTIGATIONS OF HOG-CHOLERA. 

Some additional biological facts concerning the hacteritim tvhich 
produces the disease. — In the second annual "report of the Bureau 
and the Annual Report of the Department for 1885, the bacterium of 
hog cholera was quite minutely described, so that no one acquainted 
with bacteriological investigations would find it diflacult to recognize 
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it when found. The descriptions of size, shape, and mode of staining 
referred to cover-glass preparations made from the.blood and the 
internal orga^ns directly. These characters change somewhat when 
tlie hacterinm is cultivated in artificial media. Thus the hacteria 
grown upon potato vary slightly in size and appearance from those 
ohtained from meat infusions and from nutrient gelatine. On the 
other hand, their appearance is the sam^ wh^ 

rabbits, guinea-pigs, or swine be subjected to microscopic examina- 

:tion. / ■ : ■ / : - ^ - : ^ " ' 

The microbe was charactGrized as a motile bacterium 1.2 to 1.5 
micromillimeters long and . 6 micromillimeter broad, growing readily 
in neutralized and even slightly acid meat infusions, milk, on potato, 
and gelatine which is not liquefied. During the past year the bacte- 
rium has been studied very carefully, with a view to determine the 
best means of preventing its multipliGation, and thus preventing the 
spread of the disease itself . The conclusions arrived at are given in 
full below, but will be summarised from a practical point of view in 
the chapter on pi^vention. - . - 

Qroioth of the haeterium in simple hay infusion.^Thm was prepared by allowing 
finely cut hay to soak in water for three or four days, filtering off the amber liquid 
and sterilizing. Two tubes were inoculated with a drop from cultures in meat-in- 
fusion peptone at diiferent times. In both the foUowmg features were observed: _ 
There was a slight turbidity within two days, which did not deepen perceptibly. 
Tlie bacteria were somewhat larger than in more nutritive Hquids, In the shorter 
■ forms there could be seen at each extremity more refrangent spherical masses, 
Mrhile the central portioixs of the rod seemed empty. Longer rods contained tliree 
or four of these bodies. When stained they appeared darker than the rest of the 
rod. They were consequently not spores, but very probably masses of protoplasm, 
which had contracted into these globules, and which indicated a degeneration of 
the bacteria. There were also forms present which were beaded, club-shaped, and 
distorted. 

Though the acid hay infusion is not a suitable medium, yet the bacterium of 
hog-cholera evidently multiplies in it to some extent, and we may infer that in 
any organic infusions, such as are formed about pens among the food of swine, the 
bacterium may multiply under the influence of a hot sun and be afterward taken 
into the system with the food and water. ^ 

Multiplication of the bacterium w ^£;a^er.— The hardiness of this 
microbe is weirillnstrated by its capacity for multiplication in ordi- 
nary drinking water. To determine this the following experiment 
was made ! 

September 8 : A culture tube containing very clear Potomaxj drinking water,^ 
. whieh had been sterilized several weeks previous by a temperature above llO'^C, 
was inoculated from a pure culture of the bacterium. By mixing a given quantity 
of this water immediately after inoculation with gelatine, and making a plate cult- 
ure of the same, it was found that the water cohtaihed about 26,340 bacteria in 1*''^. 
The water was kept in the laborat-ory, in which the temperature corresponded 
closely with that prevailing out-doors. It was examined from time to time on gela- 
tine plates, and the number calculated for l^*'. The following figures give the 
results obtained: - ' 

September 8: 26,340 in (immediately after inoculation). 

September 9: '201,600 in 1« - ; 

September 10: 1,296,000 in 1^^ . . 

September 11: Too numerous on plate ta be counted. : 

September 13: 2,608,300 in 1*^^ - . . . 

September 15: 1,519,060 in 1*=^ 

September 17: 1,306,E08 m ^ - - 

September 29: 88,700 in l*^*^. - " 

October 12: 19,125 in 1«. . ; , , > - - ^ , ^ ;. . . ■ 

* When drawn this water did not contain more than 100 to MO bacteria to the 
oubio cexitimetar« 
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October 21: 10,880 in 

November 18: 225 in 1*=^ : : V 

December 6: A few bacteria stiU presenty as determined by liquid CTilto 
January 4: Seventeen in 1*=^ 
January ll: No growth on plates. 

That the bacterium can be in ctear river water for four 

months and perhaps longer is a fact very significant in itself. When 
we consider, moreover, that the added bacteria multiplied so that 
each individual was represented by ten at the end of five days, the 
hardiness of the bacterium is very evident The danger from in- 
fected streams into which feces from sick animals find their way is 
thus proved beyond a doubt. 

The effect of simple dry trig on the bacterium of hog-cholera.— 
The resistance of this microbe to various agencies, physical and chem- 
ical, is likewise of considerable importance in determining the man- 
ner of infection^ the spread of epidemics, and the possible means within 
reach of destroying the virus. In order to test its vitality when de- 
prived of moisture th^ f ollowing experiments were carried out : 

January 19, 1886: A number of cover-glasses were heated in the Bunsen flame 
and then placed on a flamed glass plate under a flamed funnel. The mouth of the 
funnel was plugged with cotton wool to allow desiccation while excluding atrial 
organisms. When cool a drop from a pure liquid culture of the bacterium was placed 
on each cover with a pipette, and the whole left in the laboratory at a temperature 
of 65 ' to 80*" F. The culture used had been prepared January 7 from the fifth spleen 
culture, hence was twelve days old. 

^ January 21c' Two tubes of nutritive liquid inoculated by dropping a cover-glass 
into each. Both turbid next day, containing the bacterium, of hog-cholera only. 

January 35: Two tubes inoculated in the same way. Same result next day. 

January 28: Two additional tubes teceive each a cover-glass. They were still 
clear on the following day. 

January 29: Two tubes inoculated. 

January 80 : One tube. These five tubes remained permanently clear. In one, 
inoculated January S9, a fungus had developed from the cover^glass in the bottom 
of the liquid. This, however, remained clear. 

This series placed the death-point of the bacterium between the seventh and the 
ninth day. 

A second series of covers received each one drop from a culture obtained from a 
mouse which had died from the effect of inoculation. The culture in beef infusion 
peptone was ten days old. Treated in the same manner as in the preceding experi- 
ment, the bacteria were found to resist drying for ten days, when the stock of coyer- 
glasses was exhausted. 

To determine whether bacteria in the body of the diseased animal possess a greater 
power of resistance than those in cultures the following experiments were made : 
Some bits of the spleen of a pig which was found crowded with the specific bacteria 
of hog-cholera were dried on sterile cover-glasses as above described, and then 
dropped into tubes containing beef infusion. Gover-glasses which had been dried 
for from eight to sixteen days were able to develop pure cultures of the bacterium 
in the tubes. The stock of covers being exhausted, another series was tried in the 
same way, The blood of spleen tissue was permitted to dry undisturbed until the 
S;eyenth day, when the first tube was inoculated. Cover-glasses dropped iato cult- 
ures on the seventeenth, nineteenth, twentieth, twenty-first, twenty-fourth, and 
twenty-sixth days left the cultures sterile. Those dropped in on the eighteenth and 
twenty-second days produced pure cultures of the bacterium. These experiments 
indicate a gTeater resistance of the bacterium in spleen tissue, which may live twenty- 
two days in a dry atmosphere at a temperature of 70° to 80° F. 

On May 8 five cover-glasses upon which bits of spleen tissue, known to contain 
the bacterium of hog-cholera, had been dried under a plugged funnel since March 
20, were dropped into tubes of beef infusion. On the following day all tubes were 
turbid. In one of them bacillus subtilis was present. AU the others were pure 
cultures, as determuied by microscopical examination. Two of these were tested 
furthermore on gelatine plates with the same results. This indicates that in the 
varying temperature of a room desiccation of small bits of tissue (not so large as a 
pin's head) failed to destroy the bacterium in forty-nine days. In the experiments 
with dried cultures those ten and eleven days old were chosen, so that if any resist- 
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ant spore state did form in liqnifls it would be present. It is highly probable, lio w- 
ever, that if cultures but a f ew days old had been chosen the bacteria would have 
resisted drying much longer. These experiments give the following results : 

A lif mid culture eleven days old resisted drying for nine days; another, ten days 
old, atleast ten days. Bacteria in tissue may resist destruction after drying for from 
tweiitv- two to forty -nine days. 

Tl le method of drying; the bacteria on cover-glasses and introducing the latter into 
liquid does not inform us whether most bacteria die within the same time or whether 
some resist much longer than others. Hence the following expedient was resorted 
to, which Koch had introduced in the study of disiiiieotants : Silk threads sterilized 
by boiling several times in distilled water were dried and steeped in a beef infusion 
peptone culture about one week old. The culture contaimng the threads was al- 
lowed to dry in the incubator for one day, then placed in a sterilized bottle plugged 
with cottoii. ; Each day, beginning with the second, one or two threads were placed 
in a layer of nutritive gelatine on a glass plate so that the thread was completely 
covered by the gelatine. Gharact eristic colonies of the bacterium appeared around 
the tlnead within two days, though the plates were usually kept under observation 
five days» For twenty-one days isolated colonies and groups of colonies appeared 
in moderate abundance on the threads, when the stock of the latter was exhausted. 

In another similar series the threads were laid upon a sterile plate and a twenty- 
four hours' liquid culture poured upon them and allowed to dry uncovered in the 
incubator for one day. These threads, still undisturbed on the plate, were placed 
in the laboratory , covered with a bell glass; On the fif teen th day the testing began , 
a single thread being i)laced in the gelatine layer each day for sixteen days. Gol- 
onies of the bacterium developed in large numbers until the twenty-second day, 
\when they diminished in number. On the twenty-seventh and twenty-eighth days 
no colonies appeared. On the three following days a few appeared, when the series 
was closed. 

The bactermm of ihbg-Gholera may therefore remain alive, during 
continuous desiccation, for from ten days to nearly two months. The 
variation in the results ohtained is no doubt due to the different vi- 
tality of the cnltiires used. The gelatine-plate method is not so deli- 
cate a test as the method of liquid cultiiros, as it would be difficult 
to tell when the last bacterium died, a single colony under the thread 
escaping observation very easily. A single bacterium would invari- 
ably reveal its presence in a liquid after a time by multiplication. For 
the same reason the latter method needs greater care; the liquid cult- 
ures must be examined microscopically, and if there be any doubt 
still remaining they must be tested on gelatine; for a single foreign 
microbe gaining access to the culture tube might introduce an error 
into the results, %vhicii is easily avoided on the gelatine plate by ob- 
serving the characters of the colonies. . _ 

It had been determined by : a large nuraber of experiments that 
cultures of the bacterium of hog-cholera can be sterilized— in other 
words, that the bacterium itself maybe destroyed— by an exposure to 
oS° C. f or from 15 to 20 minutes. To determine whether dried blood 
' or spleen tissue containing the bacterium was more resistant the fol- 
lowing experiment was tried ; 

Spleen pulp from a case of hog-cholera was rubbed upon sterde cover -glasses 
and allowed to dry under a plugged funnel for 24 hours at a temperature of 65' to 
TS"" F. Four tubes of beef infusion, after a cover-glass had been dropped into each, 
were exposed to a temperature of 58" C. for 15, 20, 29, and 41 minutes, respectively. 
These remained permanently sterile, while a liith tube, which had been inoculated 
in the same way but not heated, contained on the following day a pure culture of the 
hog-cholera bacterium. It should be added that each cover -glass contained a con- 
;slderable mimber of germs, according to microscopio examination of diiferent i>a.rts 
ofthespleen. ' 

The bacterium within the body of the diseased animal cannot thera- 
f ore be regarded more resistant tha^n when cultivate liguids. 

Effect of hoiling water.— Culture tubes containing about 10^"^ of meat infusion 
were placed in boiling water until at the boiling-point. They were then removed^ 
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and a sterile coyer-glass, upon wMch a bit of spleen tissue had been drying for five 
days tinder a plugged funnel, was dro23ped into each tube. These were immediately 
placed in ice water. A preliminary experiment had shown tha,t the temperature in 
these tubes fell below 40' C. in less than a minute. The spleen had been preTiously 
found to contain the bacteria in large numbers. Of four tubes treated in this way 
two became turbid with the specific bacterium; the others remained sterile. 

In a subsequent experiment, f oiir tubes were inoculated near the boiling tempera- 
ture and one as a checlc. This latter developed into a pure culture of the bacterium; 
the heated tubes remained permanently clear. An almost momentary exposure of 
the dried bacteria is suifiicient, therefore^ to destroy their vitality. 

i?65^5^anc6 t'artot^s c/£6mica2 sitbstances or disinfectants,— In 
the following experimeRts on the effect of various agents on the 
vitality of the bacterium of hog-cholera the methods used by Koch 
were not adopted; because liquids are far more sensitive to bacteria 
than solid media. A single colony upon gelatine, the descendaiits of 
a single germ, may escape the eje, but the same microbe in: a nutri- 
ent liquid would oloud it within a few days. There is, to be sure, for 
this very reason, greater danger in the use of liquid media, since the 
introduction of a single foreign microbe might lead to the same con- 
elusions as the introduction of a dozen or a hundred, while a few 
bacteria accidently caught on the gelatine would lead to no errors of 
interpretation. The results obtained by the method given below 
were so uniform, the absence of contamination was so constant, that 
we can recommend it in all similar determinations. 

The disinfectant solution was diluted with sterile distilled water 
in a test-tube or watch-glass previously sterilized by heat. A few 
drops from a pure culture of the hog-cholera bacterium were mixed 
with 4J*° - or 6**^ of this dilution, and a minute portion transf erred at 
given intervals, by means of a platinum loop, to culture tubes contain- 
ing beef broth. These tubes were then placed in a temperature of OS"" 
to 1G0° F. , where they remained from one to four days. Tubes which 
remained clear at the end of this period were -sterile, as shown by 
numerous tubes which were watched for several weeks. 

The experiments given below refer to the active vegetative state 
of the bacterium in nutrient liquids, as experiments had failed to re- 
veal any other more resistant state. The cultures were, as a rule, 
but one or two -days old. Previous experiments having shown that 
older cultures are less resistant to heat than recent ones, it was as- 
sumed that the vitality is gradually reduced as the culture grows 
older/ ' 

^ All the tubes about which there seemed the slightest suspicion of 
impurity were examined microscopically and often on gelatine plates. 
In all cases the last of a series of inoculated tubes which became tur- 
bid was carefully examined. This served as a check upon tubes ex- 
posed for a shorter period of time to the action of the disinfectant. 
The percentage of the solution used indicates the ratio by weio'ht in 
grains of chemicall}^ pure substances to grams of distilled water. 

MerciiriG.cMoride w^^^^ to the bacterium when 

diluted in the proportion of 1: 750^^^ 

; Several drops of a culture were mixed with about l'-*^ of a .1 per cent, solution, 
and tubes inoculated from this at the end of 3, 4, 6, 8, and 10 minutes. Tubes re- 
main sterile. To show that the antiseptic effect of the liquid transferred with the 
piatinum loop was nil, one of these tubes was inoculated as^ain from another cult- 
ure. This tube was turbid on the iGllowing day. 

Five tubes treated in tlie same way with . 05 per cent, solution. All remain sterile. 

¥ivG tubes inoculated from a culture exposed for the same periods of time to a .01 
per cent, solution. Ail remain clear. 

Five tubes treated as before, using a .005 per cent, solution. Permanently clear. 
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Fi^e tubes treated as before, usm^ a .OOS per cent, solution. All tubes clear ex- 
^pting the one inoeulated after 6 mmutes' exposure. 

Five tubes inoculated at the end of 5, 10, 15, 20, 25, and 80 minutes after exx^osure 
to a .0001 per cent. (1 : 100000). Tubes inoculated after ^ and 10 minutes turbid next 
day. On the second day aU but the one inoculated after 30 minutes turbid and con- 
taining pure cultures of the bacterium. 

The limit of disinfection for this period of time must therefore lie between 1 : 50000 
and 1: 100000; hence 5 tubes were moculated as above, using a solutim of 1 ; 75000, 
at the end of 7, 10, 15, 20, 25, and 30 minutes, AU tubes remained clear, 

CarhoKc acid destroys the bacterium in soltitions containing {rem 
1 to li per cent/ of the acid by weight, 

Five tubes inoculated after treating the bacterium from a liquid culture with a 1 
per cent, solution for 5, 10, 15, 20, and 25 minutes. Ail turbid on the following day. 
The two last tubes were also examined on gelatine plates and the cultures found 
pure. . - : - ■ 

With a 2 per cent, solution, five tubes inoculated after 10, 15, 20, 25^ and 30 min- 
utes remained sterile. The same result with a li per cent, solution. With a 1^ per 
cent., tubes inoculated at the end of 7, 10, 15, 20, 25, and 30 minutes remained clear, 
excepting the first, which contained feocilltes sw6f^h*g. 

Passing to a i per cent, solution, tubes inoculated at the same intervals became 
turbid with the bacterium sown. With a f per cent, solution the result was the 
same... . 

Passing back to a 1 per cent, solution, tubes inoculiated a,t the same intervals re- 
mained sterile. 

There seems to be an incompatibility between the first and last series. If we ex- 
amine the others, however, we must conclude that the limit of disinfection lies 
between 1 and li per cent. 

Jodme t^afer was iodine in distilled 

water, which assumed an amber tint. This solution destroyed th^ 
bacterium in 15 minutes, as the following experiment showsr 

Six tubes were inoculated with bacterium after they had been exposed to the ac- 
tion of the Iodine water for 7, 10, 15, 20, 26, and 81 minutes, On the following day 
the first tube became turbid; on the second the 10-minute tube was turbid and fijund 
to be a pure culture of the bacterium so wn* The other tubes remained sterile. One 
of them, inoculated later, showed its capacity for sustaining growth by becoming 
promptly turbid. 

Permanganate of potash,— A. series of experiments with this sub- 
stance, conducted m the manner described aboye, showed that the 
bacterium is killed by 15 minutes' exposure to .02 per cent, solution 
tion (1:5000). 

In order to obtain this result a 5 per cent, solution was tried first. Tubes inocu- 
lated after an exposure of the virus for 7, 10, 15, 20, 25, and 81 minutes remained 
permanently clear. One of these tubes, subsequently inoculated with the unaffected 
virus, was turbid next day. Two and a half per cent., 1 per cent., | per cent., I per 
cent. , tV per cent. , and per cent, solutions were tried in the same way. The six 
tubes used for each solution remained sterile. Finally a per cent. (1 : 5000) was 
used. Tubes were inoculated after an exposure of the virus for 2, 4, 6, 10, 15, 20, 25, 
and 30 minutes. On the following day the four first tubes were turbid; the fifth 
and seventh remained sterile; the sixth and eighth contained a fine bacillus. These 
two tubes, as was found later, belonged to a lot which, through some carelessness, 
had not been properly sterilized, and the majority became turbid before use. 

Mercuric iodide was found to destroy the bacterium in solution of 
1 : 1000000 in 10 minutes. V - 

Two grams of potassium iodide and 1 gram of mercuric iodide were dissolved in 
100*=*= of distilled wat«r, making a 1 per cent, solution of the disinfectant in a 2 per 
cent, solution of potassium iodide. 

This solution, diluted with sterile distilled water so as to make . 1 per cent. , killed 
the bacterium of hog-eholera taken from liquid cultures in less than 5 minutes • 
.01 per cent. (1 : 10000), .002 per cent. (2 : 100000), .001 per cent. (1 : 100000), and .0005 
per cent. (5 : 1000000) destroyed the germ within 2 minutes. 

When the solution was diluted so as to make .0002 per cent. (2 : 1000000) and .0001 
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per cent. (1 : 1000000) it was found that witli both solutions tubes inoculated with the 

bacterium after a exposure of 2 and 5 minutes were opalescent, the bacterium in- 
troduced having multiplied, while the remaining tubes (10 to 30 minutes) were ster- 
ile. These two Boiutions, therefore, were still powerful enough to kill the germ in 
10 minutes. The dilution had been carried so far as to make thern practically equiv- 
alent in disinfectant power. 

Sulphate of copper. —This disinfectant, wliich seems to be more effective than 
most other metallic salts, was tried in solutions containing 3 per cent., i per cent., 
f per cent. Both the 2 per cent, and 4- per cent, solutions destroyed the germ within 
5 minutes. Tubes inoculated with the bacterium after an exposure to the per 
cent, solution for 5, 10^ and 15 minutes became turbid; those inoculated after an 
exposure of 20, 25, and 30 minutes remained clear. 

The disinfectant power for short periods of time may be said to lie between i and 
"i^fj per cent. In this, as in other tests, one or two drops of the culture were added 
to 5^<^" of the disinfectant. A slight flocculent precipitate formed each time. 

Of hydrocliloHc acid a .2 per cent, solution of the acid, made by adding 4.2<=<^ of 
chemically pure acid (containing about 40 per cent. HCl) to OS.S'^* of water, de- 
stroyed the germ in less than 5 minutes. 

Chloride of ^mc— x\ 10 per cent, solution of this salt failed to destroy the vitality 
of the bacterium in 10 minutes; 20^*= of Squibbs' chloride of zinc, containing 50 per 
cent, of the salt, were added to 80" of sterile distilled water to make a 10 per cent, 
solution, A drox3 from a culture five days old was mixed with 5^*^ of this solution, 
from which mixture tubes were inoculated at the end of 5, 10, 15, 25, and 30 miti- 
utes. The two first tubes became clouded. 

Sulphuric acid.— A .05 per cent, solution (1: 2000) was fatal to the bacterium of 
iiog-cholera m less than 10 minutes. 

Without going into detail, it ^^i suflScient to say that the results were reached as 
indicated above. Tubes containing sterile beef broth were inoculated at the end of 
5, 10, 15, 30, 25, and 30 minutes with bacteria exposed to per cent, and |^ per cent. 
No development. Those inoculated with 4V per cent, became clouded, each being a 
pure culture of the bacterium inoculated. When per cent, was tried, only the 
5-minute tube became clouded. The solution (by weight) was made from sulphuric 
acid containing 9G per cent, of the acid (specific gravity 1.838). 

It must be remembered that the foregoing tests were made npon 
bacteria in an active vegetative state. It is probable that in tlie dried 
condition it woxtld have taken solntions of the same strength some- 
wiiat longer time to destroy their vitality. To briefly summarize the 
results, placing the least effective snbstance first, we obtain the fol- 
lowing table: 

Chloride of zinc in a 10 per cent, solution destroyed the bacterium in liquid cultures 
in 10 to 15 minutes. 
Carbolic acid, 1 to li per cent. (1 : 100), in 5 minutes. 
Iodine water in 15 minutes. 

Hydrochloric acid, ^ per cent. (1 : 500), in less than 5 minutes. (Only a .2 per cent, 
solution of tills acid tried.) 

Sulphate of copper, T^o- per cent. (1 : 1000), in 15 to 20 minutes. 
Sulphuric acid, per cent. (1 : 2000), in less than 1 
Permanganate of potash, per cent. (1 : 5000), in 15 minutes. 
Mercuric. chlor^^^ per cent. (1 : 75000), less than 5 minutes. 
Mercuric iodide in T(To(Ti^ per cent. (1 : 1000000), in 10 minutes. 

/The above table would no doubt be somewhat changed by mixing 
virus imbedded in large quantities of organic matter with the disin- 
fectant solutions. It gives, however, a good working basis for ex- 
periments on a large^ scale, and it throws out at once the use of chlo- 
ride of zinc and perhaps carbolic acid. 

In order to determine how much stronger solutions than those 
above given :\vouid be required to destroy the dried bacteria; the fol- 
io wing experiment was carried out : 

Spleen pulp containing large numbers of bacteria was rubbed on sterile cover- 
glasses so as to make a thin fihn, and allowed to dry for 2 days under a plugged 
funnel. A solution of mercuric chloride, 1:50000, was poured upon the cover- 
glasses, and one was removed after 1^, '3, 3, 5, 7, 10, 15, 17, and 20 minutes, washed 
in about 100«' of sterile water, and dropped into tubes containing beef infusion, 

: 39A.G— '86. 
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After repiaiiiing m the incubator for a tiie virus exposed to 

the disiiifectajit for 11,3, 7, 10 and 30 mimites had been destroyed, the -tubes remain- 
ing permanently clear. The others coaitained pijre cultures of the hog-oholera 
bacterium. 

The bacteriam may be ttus MUed by iK)li3rtioiis of mercuric chlo- 
ride, whidi do not destroy spores, Koch fouiid that aiithrax sporea 
may remairi iii solutioiLS of 1 : 50000 for over 00 minutes without losing 
their cap^acity for germiiiating. That alLoi the germs were not de- 
stroyed in the above experiment does not weaken the conclusion. 
They were undoubtedly mciai-st^^^^ and cellular elements, 

so that the disinfectant could not exert its full power directly upon 
them- Koch, on the other hand, used spores from cultures only. 
The experiment demonstrates the absence of any resistant spore state 
in the tissues of the animal, but points out the necessity of oonsider- 
ably increasing the strength of disinfectant solutions in endeavoring 
to destroy the bacteria in nature, inasmuch as we have to deal with 
other things besides the germs themselves^ vfhich neutralize much 
of the disinfecting power. 



Is there cmy resistmit spore state in, the life-history of the hacte- 

riiim of hog-choleroJ 



Stained in dilute solutions of aniline colors the bacterium irora 
the tissues of aniiixals which have succumbed to the disease stainy in 
• such a way as to leave the impression that it contains an '.endospore. ■ 

■ A narrow band of stained sul)stance, bounds an oval pale body,- which 
; is but slightly tinged. It appears that a rather resistant envelope 

prevrents the coioring matter from passing readily and quickly into 
the interior of the bacterium. 

: If a drop from a recent liquid culture bo suspended from the lower 
. surface of a cover-glass and examined in a glass cell with a liomoge- 
neotis irnmersioii objective and small diaphragm, the following ap- 
pearances are worthy of record: The bacteria in the center of the 
drop of culture fluid are in very active motion and quite, small.. If 
: the periphery of the drop be examined there will be found a dense 
layer of bac^teria caught there by the slow desiccation and conse- 
quent contraction of the drop. These, some of which are still mov- 
ing slowly, are larger than the forms in the center of the drop. As 

■ the drying proceeds and the film of water becom,es thin the bacteria 
appear to be made up of a distinct dark border surrounding an almost 
transparent body.; In most forms there is a slightly thicker border 
at the ends than at the sides of the short rod-like bodies. When 
stained slightly this border takes the stain well, while the bodv of 
the rod remains pale. The fact that the structural and color pict- 
ures correspond is strong evidence that the microbe possesses a 
rather dense membrane, which in optical section is seen: as a narrow 
darlc border. 

The form and sizo of the bacteria under consideration depend upon 
the culture medium and upon the age of the culture. The appear- . 
ance which they present in the animal tissues is very closely simu- 
lated in liquid media, more especially beaf /infusions' with peptone. 
-When grown on gelatino or potato the appearance just described 
caunot as a rule be made out, as the bacteria are apt to be smaller/ 

The foregoing facts inclineus to believe that we have no true spore 
state to deal with in this microbe, but perhaps a membrane, which is 
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more or less resistant, according to circumstances, and which is more 
resistant in the animal tissues than in cnltnres. 

Microscopical characters, however, are now and then misleading, 
unless we interpret them, by physiological experiments. Judging 
from what has hitherto been considered properties of bacterial spores, 
the microbe of hog-cnolera cannot lay any claim to the production 
of true endogenous spores. Their absence is determined by results 
of experiments recorded in the preceding pages : 1. The thermal 
deatli-x:)oint of the bacterium at 58° C. An exposure to this tempera- 
ture for 15 to 20 niinutes destroys not only the vitality of cultures of 
all ages, but also the dried germ in the tissues of the infected animal. 
A momentary expof^r.re to boiling water is equally efficacious. 2. 
The bacteria are destroyed by (lisinfectants in solutions which are 
incapable of destroying spores. 3. They are killed by simple drying 
far more quickh/ than are spores; at the same time their resistance to 
drying is much greater than mnght be expected under the circum- 
stances. In the experiments recorded some dried bacteria in spleen 
pulp were killed in less than a month; others resisted forty-nine days. 
We may put the limit, which is very much less for dried cultures, be- 
tween one and tvro months. It is this continued vitality in the dried 
state that suggests the existence of a membrane which is more re- 
sistant than that possessed hj the great majority of bacteria in their 
vegetative state. Tiiis difference between bacteria in the vegetative 
an the spore state is illustrated by the anthrax bacillus. In cultures 
the bacilli are killed by drying in five or six days; the spores, under 
the same condition, retain their virulence for years. 

All the facts brought out by the study of this bacterium lead to the 
conclusion that a distinct spore state, so called, does not appear either 
within the animal body or in nature. 

Observations on tke pathogenic properties of the bacterium of 

hog-cholera. 

In addition to the foregoing experiments on the general biological 
characters of the bacterium of hog-cholera, a few additional obser- 
vations were made upon its pathogenic activity, with a view to deter- 
mine more precisely the mode of infection. 

Groivth in vacuo, — It seemed desirable to learn the extent to which 
the bacterium was capable of multiplying with a minimum supply of 
oxygen. The following simple experiment was tried: 

An elongated glass bulb of about 15^<^ capacity, terminating in a narrow tube 
about 10*="^ long, and containing about 5" of beef -infusion peptone, was inoculated 
from a pure ciuture. The air was then exhausted by an air-pump for fifteen min- 
utes, while the bulb was kept immersed in a water bath at a temperature of 38° C. 
It was finally sealed in the flame and placed in the incubator. The results of three 
separate experiments were practically the same. In the bulbs the culture liq^uid was 
turbid on the following day. This turbidity increased but slightly, and within three 
or four days grovv th had evidently ceased. Four other inicrobes, two of which were 
found in the exudafces of swine-plague bacillus luteus described in the Second An- 
nual Report of the Bureau, a micrococcus, hacillus suhtilis, and a microbe producing 
septicaemia in rabbits, were treated in the same way. None of the tubes became 
turbid. When, after three or four days, the bulbs were opened and filtered and air 
allowed to enter, the liquids became turbid within twenty-four hours, the charac- 
teristic pigment of the bacillus luteus appearing a few days after. 

* There is no reason why the bacterium in the body of animals may not be in an 
arthro-sporous state, according to the classification of de Bary. The name is of little 
account as long as we define the properties belonging to a given state. 
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The bacterium of hog-cliol6ra has therefore the power of multiply- 
ing in what is prp^ctically a vacu^ The 
other- microbes failed to show any signs of growth whatever. They 
were purely aerobic. The bacterium of hog-cholera may therefore 
be regarded as holding a place midway between those microbes which 
seem to thrive better without air— anaerobic— and those that fail to 
grow without it. 

That no spores were found in these bulbs may be inferred from the 
following experiment: - One of the tubes kej)t sealed for a month was 
opened and a number of culture tubes inoculated therefrom. They 
were then exposed to a temperature of 58° C. for 15, 20, 25, and 30 
minutes. All remained sterile. One, inoculated without being 
subsequently heated, was turbid with the specific bacterium next day, 
indiGating -that it was still alive in the bulb when the latter was 
opened. 

MODES CF mFECTIpN. 

(a) By way of the c^^ges^tY^e /rac^.— In at least 90 per cent, of . 
swine a very severe form of hog-cholera may be induced by feed- 
ing to them the viscera of animals which have died of the disease. 
The lesions produced are exceedingly severe. The mucous inembrane 
of the large intestine is extensively ulcerated or completely necrosed . 
In animals which have contracted the disease in the ordinary w^ay in 
infected pens the ulceration of the large intestine, at times very se- 
vere, usually stops abruptly at the ileo-csecal valve. When this is 
slit up, the mucosa belonging to the small intestine up to the free 
border of the valve is in the great majority of cases normal, while the 
mucosa of that surface of the valve facing the caecum may be exten- 
sively ulcerated.- In many animals fed with infectious matter the 
ulceration involves the entire ileum. This is well illustrated by the 
following cases: 

January 1886.— Pig No. 165 was fed with the viscera of two pigs which had died 
of hog-cholera. It was found dead January 26, after manifesting no marked symp- 
toms of disease except a tendency to lie quietly in its pen. Gn examination the sub- 
cutaneousf at was found diffusely reddened. There was a slight peritonitis, indicated 
by a considerable quantity of straw-colored effusion and some fibrinous stringy de- 

' posits, raere were also a few local excrescences on the small intestine, due to the 
irritatiGn of echinorhynchi. Spleen somewhat enlarged ; on its surface a few 
bright red punctiform elevations. Right heart distended with a clot. Local hepa- 
tizations in lungs, probably caused by lung worms, which were very numerous. 
Stomach but slightly reddened. A number of ulcers in the duodenum, the mucosa 
of which was reddened. The mucosa of the ileum for li feet from valve was com- 
pletely necrosed, the walls thickened, and the serosa of this portion dotted with ec- 
chymoses. Beyond this portion, near the jejunum, there were scattered ulcera- 
tions on a deeply congested membrane for 6 or 7 feet. The enthe length of the 
large intestine was covered with dirty yellowish ulcerations varying in diameter 
from a pin's head to nearly an inch. The mucosa itself was very deeply congested 
in the caecum and colon only and; the wails piuch tliickened. Ascarides and echi- 

■ nor/it/Tic/ii numerous in small intestines. The liver attached to diaphragm in several 
places by whitish exudate. 

A tube of m^t iafusion with peptone inoculated from the spleen of this animal 
was found to be a pure culture of the motile bacterium of hog-cholera. Line 
cultures on gelatine plates confirmed the microscopic examination. A tube of nu- 
tritive gelatine inoculated from the spleen at the same time contained in each needle 
tracky several days later, from 10 to 15 Golonies of the same bacterium. Two cover- 
glass preparations revealed no bacteria. This fact, combined with the small num- 
ber of colonies in the tube culture, gave evidence of the small number of germs in 
the spleen tissue. Inoculations on mice and guhiea-pigs gave substantially tho 
same results as those obtained last year. ' 

No. 159 was fed with the viscera of No. 165 on January 28. February 5, its 
eyes were sore and nearly closed; it was quite weak. It died on the following day. 
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only eight days after infection = The skin on abdomen was reddened in patches; 
the subcutaneous tissue diffusely. The superficial inguinals, as well as the glands 
in the abdomen, were deeply congested, the cortex more especially. Those of the 
thorax were nearly pale. The spleen was dotted with a fewpunctiform elevations. 
Beneath the epicardium and endocardium of both auricles and the endocardium of 
the left ventricle were extensive patches of extravasated blood. Kidneys enlarged 
and congested throughout. The lesions of the ileum, caecum, and colon in this ani- 
mal were quite ^s extensive as those of the case just described; there were no ulcers 
in the rectum, however. Those of the colon had black centers, pointing to a recent 
origin from blood extravasations on the surface of the mucous membrane. 

In the spleen of this case the characteristic bacteria of hog-cholera were exceed- 
ingly numerous, as determined by cover-glass preparations. Two hquid cultures 
proved pure when tested on gelatine plates. In the needle tracks of a tube culture 
in gelatine innumerable colonies appeared in a few days. Inoculations from sub- 
sequent cultures proved equally positive. 

Pig No. 156 was fed with the viscera of No. 159 February 18, and, after manifest- 
ing the usual symptoms of hog-cholera, died February 25, seven days after feed- 
ing. Among the marked lesions produced by the disease was a complete necrosis 
of the upper two-thirds of the colon, with scattered ulcers along the lower third. 
About an eighth of a foot of the lower portion of the small intestiue, beginning at 
the valve, was necrosed, without manifesting distinct ulceration, for which the pe- 
riod of disease was evidently too brief. In the spleen there were numerous smaU 
grayish spots, probably centers of necrosis, as they showed no longer ceU structure 
when crushed on a slide and stained. The fundus of the stomach was also deeply 
'congested. 

The spleen, to which organ the microscopic examination was hmited, contained 
the characteristic oval bacteria, as shown by cover-glass preparations. Three liquid 
cultures made from the same organ were found to be pure cultui^es of the same 
microbe when tested by line cultures. A %ube culture in gelatine developed in each 
needle track nurnerous non-hquefying colonies. 

In these animals the mode of introduction of the virus determined 
the seat of the severest lesions. It is probable that the food passes 
quite rapidly through the small intestine; that in the stomach, the 
action of the bacteria is more or less limited, because they have not 
sufhcient time to multiply, and probably because hindered by the 
acid condition of the organ, though they will multiply with consid- 
erable vigor in slightly acid solutions. The prolongecT stay of the food 
in the large intestine permits multiplication, and thereby causes the 
first and severest lesions to appear here. When these have become 
very extensive, so as to paralyze tha action of the large intestine, the 
ileum becomes involved in a similar manner, possibly by a partial 
stoppage of the infectious matter in this portion of the intestine. 
This view is supported by the evidence of the above and other post 
morteni examinations in which the disease was produced by f eedfing. 

This mode of infection by feeding viscera was used to keep up the 
disease at the experimental station, as simple infection in pens could 
not always be relied upon in furnishing cases for investigation. 
These few cases might therefore be supplemented by many others to 
show the ease with which infection may take place in this way. 

In general two types of disease appear. In one the lesions are 
limited quite exclusively to the alimentary tract, involving the 
stomach, the large intestine, and often the ileum, less frequently the 
jejunum. There may be complete necrosis of the mucosa in the colon 
and ileum, with intense reddening of the fundus of the stomach. 
The internal organs are but slightly affected. There are few or no 
hemorrhages, and the bacterium is very scarce in the spleen and 
other organs, so that its presence is only determinable by culture. 

In the other type the extensive local lesions are replaced by hem- 
orrhagic lesions of the internal organs, involving the spleen, kidneys, 
lymphatic glands, lungs, and serous membranes generally. Besides 
these, themucous membrane of the stomach and intestines may be 
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congested, and extensive liemarrliages into the submucous tisstie, often 
into the lumen of the digestive ttihe, take place. These lesions have 
been described somewhat in detail in the last report. The spleen and 
blood axe found to contain a large number of the hog-cholera bac- 
teria. 

Both ty;^s of the disease produced by feeding lead to a speedy termi- 
nation by death in from six days to two weeks. The difference above 
given may perhaps be referred: to a difference in the virulence of the 
bacteria. In the typ® fi^s* described the bacteria may be less adapted 
to a parasitic life. Their poisonous effects are eLxerted locally in de- 
stroying the mucous membrane. In the second type the bacteria are 
capable of entering the blood, to be distributed to all the organs where 
the hemorrhagic lesions are caused by their growth. 

(&) Feeding pure cultures of the hacterhtm of hog-cholera. — In 
the preceding report, (p. 207) two veiy severe cases of hog-cholera 
are reported as having been produced by the feeding of pure liquid 
cultures. These positive results are not always obtained, as some of 
the following experiments indicate: 

Pigs Nos. 155 and 156 were fed February 8, 1886, with 200«<^ of a beef-infasion 
peptone culture derived from a mouse which had succumbed to inoculation. The 
animals remained well. Pig No. 155 was fed February 1 with 100*^*^ of liquid cult 
ures of the bacterium of hog-cholera without manifesting any symptoms of disease 

The rapidly fatal eJffect from the ingestion of the viscera of swine 
containing the specific bacterium may be harmonized with tlie nega- 
tive results above recorded when we consider the different condition 
of the bacterium in the liquid cultures and in the infectious viscera.. 
In. the latter case the bacteria are enveloped by connective and cel- 
lular tissue, which protect them from the destructive effect of gastric 
digestion, so that they are carried into the intestine where the path- 
ological lesions are first manifested. In culture fluids the bacteria 
are in the most vulnerable state, and are easily accessible to the ac- 
tion of the gastric juice, which very probably does not permit any to 
pass alive into the duodenum. 

That the condition of the stomach is a very important factor in the 
production of the disease when the virus has entered it seems a very 
reasonable assumption. If the virus reaches the empty stomach 
coated with an alkaline mucus it is more likely to multiply and reach 
the duodenum than when the stomach is filled with food which is 
brijig actively digested. In order to test this assumption the follow- 
ing^ experiment was tried: 

D^mmbefP IS.— Three pigs were fed each with 300'='= of beef infusion in wliich the 
bacterium of hog-cholera had been multiplying for three days at a temperatm^e of 
90* to 95" F. The beef infusion had been neutralized, and sterilized in two flasks, 
and the ctiltures, when examined before the experiments, were fonnd to contain the 
motile bacterium only. 

The pigs were prepared for the feeding as follows: No. 348^ received no food for 
over twenty-four hours. A 3 per cent, solution of sodium carbonate in beef in- 
fusion was then given to increase the alkalinity of the stomach. Of this about 1 
liter was consumed. It was then fed with SOO*^*' of culture liquid mixed with beef- 
broth to make 1 liter. No. 350 was starved in the same way, but received no alkali 
before consuming the culture. No. 343 was not deprived of food before eating the 
culture^ 

The result confirmed our anticipations. No. 348 showed signs of disease in two 
""days. On the third it was unable to rise, and died on the same day. The post 
mortem examination showed a considerable congestion of the mucous membrane of 
the duodenum and jejunum, as well as of the large intestine. Ute fundus of stomach 
a#fiGted in the same way. The liver was gorged with blood, as well as the portii] 
apton* Thfire were no marked Losiand of the oth^r viacersi. That the hog-cholera 
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bacterium had also entered the blood was shown by two pure cultures in beef in- 
fusion obtained from the spleen. A gelatine culture from the livev contained about 
6 or 7 colonies. 

No. 350 was a more typical case, and demonstrated the severe local effects of the 
bacterium much better, since the animal lived longer. It ate fairly well until the 
fourth day, when its appetite gave way and diarrhea set in. From this time it grew 
weak and thin, being scarcely able to walk. It died on the tenth day after feeding. 
The lesions of the alimentary tract were exceedingly grave. Beginning with the 
stomach, the mucous membrane was dotted with closely set elevated masses as large 
as split peas, and larger patches of a whitish viscid substance, made up entirely of 
cellular elements (diphtheritic?). "When removed, a raw depressed surface was ex- 
posed. The membrane itself was pale. Besides a general injection of the iliem, 
Peyer's patches were more deeply congested, and the uppermost covered with a tliin 
yellowish film, not removable, and most likely dead epithehum. In the caecum and 
colon the mucosa was superficially necrosed, and converted into a continuous layer 
of a dirty whitish mass about 1™™ thick. The walls of the intestine were greatly 
thickened and very friable. 

Microscopic sections showed an extensive cellular infiltration of the submucous con- 
nective tissue which had separated the masses of fat cells, concealed the connective 
tissue fibers, and caused a great thickening of the entire layer. The mucosa itself 
was greatly altered. The surface was necrossed and converted into an amorphous 
mass. In some places the necrosis involved the entire depth of the crypts of Lie- 
berkuhn, a series of strias indicating their former existence. Those whose epithelium 
still remained were plugged with a cyhndrical mass, filled with broken-down nuclei. 
The bacteria had exerted their poisonous effects from the surface of the mucosa to- 
wards the depths, destroying the surface epithelium and glandular structures and 
involving secondarily the submucous layer. Near the rectum this continuous mass 
of dead tissue was replaced by isolated ulcers embedded in an intensely reddened mu- 
cosa. Plate II, taken from another case, illustrates well the superficial death of the 
mucosa. The ileo-c83cal valve was much swollen, but the necrosis did not extend 
into the ileum, although there were a few ulcers near the valve, and the epithelium 
had a pale, lusterless aspect, as if dead. The liver was filled with blood, which 
readily clotted as it flowed from the cut surface. Spleen congested and but slightly 
enlarged. Lungs hypostatic. The lymphatic glands in general not much affected. 
Two liquid cultures from the blood were turbid next day, and contained the hog- 
cholera bacterium only. In a gelatine tube culture from the liver about a dozen 
colonies developed in each needle track. 

No. 342, which was fed with the same quantity of culture liquid but was not de- 
prived of food previously, was somewhat ill on the following day. It recovered, 
however, and continued apparently well for several weeks. It began thereupon to 
grow thin and weak. On January 26 it was no longer able to rise, and was there- 
fore killed for examination, in order to conclude the experiment. On opening the 
abdominal cavity it was at once perceived that the animal had been suffering from 
a very intense disease of the large intestine, a portion of which was firmly attached to 
the bladder. When dissected out and slit open, the mucous membrane of the cgecum 
and colon was found replaced by a brownish friable layer of necrosed tissue. The 
wall of the intestine was indltrated to such an extent that it was nearly i inch 
thick, and so degenerated that the forceps easily tore through it. The thickness of 
the walls prevented the intestine from collapsing after it was opened. Its only con- 
tents was a brownish liquid mass. The glands of the meso-colon were very large, 
some like horse-chestnuts. On section the entire tissue was very pale, almost 
white. The spleen was somewhat enlarged; the malpighian corpuscles unusually 
large and prominent on section. Lungs and heart normal; kidneys deeply reddened 
throughout on section. 

This case is very interesting in completing the information gained by this feeding 
experiment. No. 348, which had been fed with sodium carbonate besides being de- 
prived of food, died three days after the ingestion of the culture. No. 350, which 
was simply starved, died ten day* thereafter, while No. 342, which ate the culture 
without being previously starved, was dying on the thirty-fourth day. 

These results show how easily infection may occur by way of tha 
digestive system, provided the destructive action of gastric digestion 
be prevented, as was done by starving and by the use of an alkaline 
carbonate. 

They also indicate how purely local this destructive action may be. 
Gelatine cultures from these animals showed that the internal organs 
contained but very few bacteria. So few were they in fact; that the 
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microscope alone conld not iaYe demonstrated tlieir presence^ as tliey 
could not Tdg found on coYer-glass preparations.' 
^ Otlier successful experiments by feeding pure ^ cultures will be 
given in connection witli a description, of the bacterium from differ- 
ent parts of the. country. : : 

: (c) Subctitaneous inoculation with pure Gulticres.—Tlie least suc- 
cessful method of producing the disease is the subcutaneous inocula- 
tion of pure cultures. In the report for 1885 at least three out of four 
inoculations produced a rapidly fatal form of the disease. In the 
numerous experiments to be described later/in which pigs were in- 
oculated with cultures to determine whether any future protection 
was thereby granted, only five died from the inoculation. In these 
experiments two subcutaneous injections were practiced, a small 
quantity being followed by a larger quantity of culture liquid. The 
deaths occurred from the first injection when this was made compara- 
tively large; the second dose; which was usually quita large, was 
borne without any ill effects. 

■ Tliese successful inoculations, reported in extenso in anotlier section, are briefly as 
follows: No. 239, inoculated April 27 with i^'^ culture liquid, died May 2, only six days 
after inoculation. Hemorriiagic condition of vital organs. Tliougii seven others 
were treated in tlie same way none took sick. It may be that in this individual the 
needle entered a superficial vein, and in this way introduced the virus directly 
into the blood. - - - - - \ 

Nos. 204 and 212, inoculated April l2 with li*^'^ culture hquid, died eleven and seven 
days after inoculation, respectively. In the former the mucosa of large intestine 
was entirely necrost d. In the latter ulceration was just beginning. . 

Nos. 208 and 200, inoculated at the same time with of the same culture, died 
fifteen and six days after inoculation respectively. Numerous extensive ulcers in 
the large intestine of 208. In 209 general congestion and extravasation along di- 
gestive tract aiid in internal organs. With each pair two others had been inoculated 
without any untoward results. 

;^ The local swelling at the point of inoculation is usually propor- 
tionate to the quantity of culture fluid injected. The following cases 
$how how large quantities may be borne without inducing the disease : 

Nos* 116 and-15<l: were inoculated February 8 by the subcutaneous injection of 34=^ 
of the second -culture from the spleen of No. 165 in beef-infusion peptone, one-half 
bemg injected into each thigli. A very large swelling appeared at the seat of inoc- 
ulation in No. 154, causing considerable lameness. March 4 this animal was killed, 
although evidently not diseased. The inoculation tumor was over 1 inch long- and i 
inch thick; firm, yellowish- white, developed in the loose connective, and only 
loosely attached to skin and subjacent mucular tissue. There was considerable serum 
in the abdommal cavity, and the spleen waa somewhat enlarged. In the fatty tissue 
lining the dorsal wall of the abdominal cavity numerous worms were found {Sclero- 
stoma jnnguicola), occupying tunnBled spaces in the fibro-adipose mass. No indi- 
cations of hog-cholera. No. 116 was not affected. 

No. 181 was inoculated February 13 with 7*=*= of the second liquid culture from the 
spleen of pig No. 159. Within a few days the animal became lame, but this passed 
away. At the seat of inoculation large tumors had developed, no doubt causing 
the stiffness of the hind Mmbs. This animal was killed March 4. At each point of 
inoculation were found firm fibrous masses, from 2 to 3 square inches in extent and 
nearly an inch thick/ No suppuration. There ^ere no lesions pointing directly to 
hog-cholera. There v/as, however, a considerable quantity of pale semm in the 
abdominal cavity. Spleen enlarged; cortex of kidneys dull, thickened; lymphatic 
glands of large intestine somewhat prominent, but pale. 

These animals may have suffered from the absorption of ptomaines from the place 
of inoculation, but dissemination of the bacteria through the internal ort^ans evi- 
dently did not take" place to any extent. ' ft 

The failure to produce the disease in eyen a small proportion of 
animals by the injection of liquid cultures raised the question whether 
the cultivation in itself did not atteniiate the bacteria. Consequently 
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two experiments were made "by inoculating with blood directly. IST-am- 
erons gelatine cultures of keart's blood liad demonstrated the very 
small number of hacteria compared with the number present in the 
spleen. / : 

f^S'ejotoifer 10.— A pig dying with the disease was .'kiiled, the heart carefully ex- 
posed, and the blood drawn with a disinfected hypodermic syringe. Nos. 339 and 
333 received subeutaneously S'^'^ each, one half in each thigh. No. 329 in a few 
days lost its a.ppetite, became weak and stupid. Found dead October 5. Slight 
local swelling at the points of inoculation; superficial inguinals greatly enlarged; 
hypostatic congestion of lungs; complete necrosis of mucous membrane"^in ea3cum; 
large scattered ulcers in colon, showing as whitish patches on serous surface and 
encircled by a crown of enlarged blood vessels; bacteria in spleen. 

No. 333, slightly ill for a time; fully recovered. Died December 2 with no other 
lesions than engorgement of liver. No signs of forme 

A second experiment was made in the same way : 

Gcfofeer 13. --Nos. 324 and 325 inoculated as in the preceding experiment, 10°*= of 
blood being used for each animal. No.324 was found dead November 1, after being 
plf feed for a time. Deeply reddened skin over caudal half of abdomen; extremely 
large and serously infiltrated superficial lymphatics; on section, hemorrhagic points. 
At point of inoculation the connective tissue is infiltrated; 50°vto 75«^ clear amber 
serum in abdominal cavity; papillse of kidneys deeply reddened; slight congestion, 
but no ulceration in large intestine; lymphatics in general moderately tumened and 
- congested. . ^ . . ^ ; . - . . ; - v ■ . ■ 

No. 325 found dead October 29. Reddening of skin as in 324; extravasation in 
connective tissue; spleen greatly enlarged, purplish; lymphatics of thorax and abdo- 
men purplish, enlarged; petechia on section of kidney and in pelvis, also over en- 
tice surface of epicardium; lung tissue mottled both on surf ace and on section with 
purple spots, due to blood extravasation into alveoli, so that it scarcely floats. Mu- 
cous and serous surface of small intestine dotted with petechias; small hemorrhages 
on the surface of the mucous membrane and into the submucous tissue of the caecum 
and tipper colon. Ulceration beg 

These results are more positive than those obtained with cultures, 
and on first thought we may be inclined to attribute them to a greater 
virulence of the germs in the injected blood. This view needs f urther 
confirmation, however. The injected blood coagulating in the con- 
nective tissue contains in it the bacteria, which are not only protected 
from the aggression of cellular elements, but have actually a store of 
nourishment upon which they may live and multiply, . IsFo such ad- 
vantages are presented to, bacteria suspended in liquids which are 
readily absorbed, leaving them to the ^^^m^^ of the tissu.es surround- 
ing them. The local reaction in the above animals was very insig- 
nificant compared with that produced by liquid cultures. In order 
to come to any conclusion, it would be desirable to add a few bacteria 
from cu.ltures to fresh blood, and observe the relative virulence in the 
way indicated above. 

Taking the foregoing results into consideration, the alimentary 
canal mustibe considered as the most vulnerable point for the entrance ■ 
of the bact§:ium of hog-cholera. It is probably the chief , if not the 
only, entra^^eof the virus when the infection takes place among herds. 
The occasiorial occurrence of lung lesions as extensive hepatization 
in advanced eases of hog-cholera suggested to Klein the name of 
pneumo-enteritis. In the many cases carefully examined at the exper- 
imental station the lung lesion did not appear ta surpass in severity 
those of the internal viscera and the lymphatio system. In the great 
majority of animals lung-worms were usually found associated with 
localized atelectasis. The collapsed portions had a red fiesh color. 
Many cases of chronic hog-cholera, associated with extensive ulcer- 
ation of the large intestine, had normal lungs. On the other hand, 
cases of a very acute hemorrhagic type^ produced by feeding infec- 
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■tioits material OT by subcii^ tlirougliont 
tlie lung tissue small iiemorrliagic foci inYolving seyeral contiguons 
lobtiles. On Bection tliey were of a dark-red color, aud indicated 
extravasation into tlie alveoli^ whicii were filled np with coagulated 
blood, - Tliese foci are very likely caused "by pings of bacteria grow- 
ing in tlie Gapillaries, producing necrosis of tlieir wallB and conseauent 
extravasation. Taking iiito consideration the condition of the re- 
maining viscera in such cases, it is liighly probable that the foci are 
not primary, but secondary in character. They are not growths of 
^ the bacteria introduced by the inspired air, but carried there by the 
circulation^ the original place of entrance being the alimentary tract. 
These centers of growth may gradually spread and involve the entire 
lung substance, giving rise to that extensi ve liepatisation occasiorially 
found. That infection may arise through the air in some cases, 
especially in summer, when the bacteria are dried and carried awa3^ 
as dust, is not necessarily excludedv The greater activity of the virus 
in the warm seasons cannot be Gntirely due to its. dissemination in 
this manner, since drying destroys the bacteria of this disease in from 
one to two monthSj and it may reduce their pathogenic power in a 
much briefer time. TL:e greater diiiusion and mortality nmst be 
attributed to ^nore favorable opportunities for the bacteria to multi- 
ply outside the auimal body in streams and in the soil on animal and 
vegetable substances. In this -connection it might be well to record 
the following e>:;periment: - . 

Ty^o pigs placed in an air-tigiit box were subjected to tlie spray of an atomizer 
coiitaiiimj^ 10^« of n. liqind ciiltiire of the. hog-cholera •bactoriu.Di dDiitod ^vith 4Q°« 
." of distil w;iter. Tlie spray wan clirtjcted .lipon' the faces of the iini tn^ib, wliicli. they 
could not avoid, owing to tlie small bizg of the box. They were remo ved at the end 
of thirty minutes and placed in a disinfected pen. After a few days they seemed 
somewhat dull, but both recovered; Several months after one of them died of 
hog-cholera On being fed with infections material. It is highly probable that the 
bacteria were carried into the limgs at the 

In view of the fact that another bacterium has been recently fra^ 
associated mth severe lung lesions, and is probably the cause, it be- 
comes necessary to re-examine diseases of the lungs, whether associp*ted 
with ti'ue hog-cholera or occurring independently. The subject is 
fiilly discussed further om 

: Chicles of viruience,-~^riie- variation in the severity and extent of 
epidemics of infectious diseases has been a subject for observation 

: and comment by all who have studied them more carefully. It is 
characteristic of infectious diseases attacking man as well as tliose to 

. which animeds are subject. 
- The change in virulence is indicated both by the number of ani- 
mals alfected in a given time and by the suddenness with which 
they are struck down after infectiom The record of cases of hog^ 
ch(^era kept at the experimental station for more than a year, is very 
instructive, in showing clearly how the virus of a. specific disease may 
become very much attenuated, then suddenly regain its virulence, 
sweep away a large number of animala very rapidly, then again lose 
its virulence mitil it has scarcely any effect upon the animal system. 
This change in virulence is indicated in various ways. When atten- 
uated the virus produces a chronic disease, oharaoterized by local 
ulcerations of the mucous membrane in the large intestine. The 
affected animal lives for four or more weeks. This is the v/ay in 
which the disease manifests itself most commonly. When the viru- 
lence is great the disease is rapid, ih.e lesions hemorrhagic in charac- 



i&Fy iiwGiYing^ n early all tlm/Tital orgaits,; These are found to con- 
tain tiie specinc'ljaeteririm aji large qiFan - SBbciitaiieoiis mocu- 

-la;feions. of - CultiireB ai3riTed from..-si'.cii cases will: - in genera! prod licq 
; a disease m severe and_ as rapidly fatal. - ' Wiien. tlie pigs are fed with: 
ito viseera;froiB these same cases even more severe local and . general 
lesions, are the reffrft, - from sucli a Height of virulence there is a 
gradual descent; Animals vdiict^haYe hecba^^^ infected in the imfn- . 
ral ^way are attacked . Inoc- . 

nlatioixs of cnltures hecome less siiccessftil or f ail altogetlieT. Even 
when fed witli the viBcera of animals/whieli iiave died of the disease, 
pigs will after- a time become -affected, with a slow chronic malady. 
Jn these milder iorms of the disease cGm:paratively f e^w 1 jacteria pene-' 
;trate Into the vitah organs to mnltiply there, (jover-glass prepara-- 
tions of spleen pnlp do not shovr a single microhe in many helds, 
. while dha-sam.e preparation from hemorrhagic cases may sliow- from 
50- to 100 in -every field of a homogeneous obnective, VNor does, 
the (mantity of virns introdncfid materiaH^ tlie result. When 

:the :disease;is at its MgEest point of virnlence cases of natural infec- _ 
tioii are frequently as' severe: as tliose fed with large quantities of ■ 
".virus. On the: other hand^ when, animals are fed with c^iltures of 
more or less attenuated virus^ the local destruction of tissue in the 
intestines may be very grave and ca>use speedy death, but the internal 
organs remain more or less intact : : 

This change in virulence has not been obsorved in experiments, 
upon, mice, rabbits, and guinea-pigs. The same" peculiar lesions have 
■appeared throughout a period of f onrteen months. Tlie duration of 
the disease" may vary, but this depends upon the quantity of- virus 
introduced into the system. The lesions in the pTotracted cases due 
fo the inoculation of very small -quantities are if anything more pro- 
nounced. ;:: ^ 
. . -What .ageiicies, . are at work . in bringing about tins variation , in. . 
yir ulence is :a problem still to be solved. There is no clew to an ex- 
planationV and we simply recorci. the facts as observed. There seems 
to be\a siifficient reason for regarding the increase of virulence as due 
to ciimatic and meteorological conditions affecting the bacterium 
outside of the body, for- our own observations show that the success- 
ive passage of tlm vims through t^ pigs by f eeding dimdii- 
ishes its virulence and may finally destroy it. :" 

The relation of the virulent and attenuated bacteria to the ani- 
mal organlsnr is-espressed by the statement tbat the former are 
capable of Hving and nmltipiying in the blood vascular system of the 
infected pig, - wlide the 1 atter ^ a^e unable to do so. Their destructive 
action is limited, to the intestinal tract. There may be two properties 
by wh-ose change a virulent bacteidum becomes attenuated, a^ncl vice 
t^er-^a— the capacity of living with a limited supply of oxygein, and; ^ 
the power of forming a poison or ptomaine which is more or less de- 
structive to ceUular life." Either or both of these properties, when 
aug-mented or diminished,: may bring about the diiferences which are 
observed between malignant and mild types of the disease. 

. .-E:s:PEEIMEi^TS:UBON -OTHEJt AMMALS WITH THE HOG-CHOLEBA BACTERIUM. _ _ 

3&ee imfedmi hy feed/mg.—^ was .desirable to. determine. iiow far the bacterium of 
hog-cholera -was infectious to other animate besides pigs. when introduced with the 
food: into- the' alimentary canal. Mice^ being stisceptible to inoculation, might con.- 
traot; the: disease about the pens, and being eaten by pigs would quite naturally be- - 
come a source of infection. To determine this point bread and spleen were thor« 
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ougiily mixed by mincing them togetlier. Two mice ate of this mixtm*e, and one 
was found stupid, scarcely able to move about on the following day. The same 
material was fed a second time. Both were ill on the next day. They crouched, 
somewhat sprawling, with head down, staring coat, and eyes partly closed. On 
taking them out of the jar they were "unable to move; when pushed forward they 
moved a few steps. These syniptoms passed away on the third day. Five days 
after the first feeding one was found dead. The other was fed again aix days after 
the first feeding, It was found dead two days after the last feeding. The fli'st feed- 
ing had therefore taken effect. Tlie liver showed the formation of islets of coagu^ 
lation necrosis and was crowded with the bacteria of hog-cholera. The very pe- 
culiar condition of these animals on the second and third day after feeding can only 
be explained by assuming the active multiplication of the bacteria in the intestinal 
canal and the formation of a ptomaine, which, on being absorbed, produced a sys- 
temic eftect. The invasion of the internal organs themselves from the alimentary 
canal manifested itself later by the deatli of the animals and the presence of the in- 
gested bacteria in the spleen and liver. , 

Two additional mice were fed in the same way. One escaped. The other failed 
to show any symptoms referable to the ptomaine, though fed four times. It re- 
mained well for over two weeks, when it began to breath laboriously and became 
very Aveak. It was killed with chloroform twenty-fiyc days after the tot feeding. 
The splden was found enormously enlarged, buttfiere were no bacteria on one cover- 
glass preparation. One lobe of each lung was solid, whitish, crumbling, evidently 
the result of coagulation necrosis. This mass was crowded with what appeared 
under the ixdcroscope as bacteria of hog-cholera. No cultures were made. This 
- animal, therefore, judging from thB enlarged spleen and the necrosed lungs, was 
also the victim of hog-cholera. Another mouse fed in the same way was dying 
four days after, but found drowned in the drinking cup next morning, thus pre- 
venting microscopic exaroination of the organs. 

To determine whether these animals could be infected with pure cultures, a 
mouse was fed with bread which had been saturated with about f^*^ of a liquid 
culture and dried for an hour in the incubator. The feeding wa,s repeated on four 
successive days. Seven days after the fi^rst feeding the animal was plainly ill, and 
it died on the following da}^. Tliis would indicate that the first or second feeding 
had taken effect. The spleen was enlarged, the vessels of the mesentery very 
prominent and filled with blood. The bacteria were very abundant in the spleen, 
moderately so in liver and kidney. A second mouse fed with cultures was found 
drowned on the eighth day. 

Two mice, kept in separate jars, were fed with a mass consisting of bread and - 
gelatine culture thoroughly mixed. The gelatine culture had been prepared by 
passing a glass rod dipped in a Uquid culture over the surface of a layer of gelatine. 
The gelatine after five days was covered with a tliin opaque layer, consisting of 
confiuent colonies. Both mice ate the dose. One was found dead next day in a 
crouching postm*e; the poison had evidently killed it in a very short time. The 
other did not appear disturbed by the absorption of the ptomaine, but it died from 
general infection on the sixth day. The spleen was considerably enlarged. Both 
spleen and liver contained large numbers of hog-chc>lera bacteria. 

These few experiments show the possibility of an infection of mice 
through the food, and of the transportation of the disease through the 
agency of these animals. They show incidentally the effect on the 
isyst^m of the ahsorption of theptomaine produced by bacteria in the 
alimentary canal. 

Feeding was also tried on pigeons by saturating the feed with the 
culture liquid and allowing ^ it to dry. No marked effect was pro- 
duced. The feces were unusually liquid and abnormal in appearance 
for some time. 

Giiinea-p'igs very susceptihle to liog-cTwlera,— -In order to determine the eifect of 
very small doses on guinea-pigs, two animals, Nos. 3 and 4, which had been kept 
for more than a month under observation, were inoculated by iujecting under the 
skin of the inner aspect of the thigh about ^oiW*'*' of a culture in meat infusion 
with 1 per cent, peptone, prepared from the spleen of a pig on the day previous. 
To obtain such a small dose the culture liquid ^as diluted with sterile salt solution, 
and about of this injected. On the third day both were unusually quiet and 
rested together; respiration seemed more labored; the animals moved unwillingly 
when disturbed. No. 3 was found dead on the morning of the eighth day, and Na 
4 died at noon on the same day. 
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On examination the skin of No. 3 was found discolored at the place of inocula- 
tion. The surface of the muscular tissue at this point was dotted with ecchymoses, 
mterspersed with whitish areas which corresponded to altered muscular tissue. 
This was whitish J friable, evidently dead. Such masses could be found to a depth 
of 1*^^ in the muscles of the thighs/ This alteration seemed to follow along the 
planes of the intermuscular septa. A patch about 1^"' in diameter on the muscular 
wall of the abdomen contiguous with i;he place of inoculation was similarly affected. 
In the abdomen the vessels of the intestine were injected, spleen full of blood, mottled 
dark red and gTayish, friable. Lungs somewhat congested. The stomach con- 
tained a small mass of food embedded in considerable viscid translucent mucus; the 
caecum and large intestine were filled with a yellowish soft food mass. 

The bacteria of hog-cholera were present in large numbers in the liver and 
spleen. There were fewer in the kidneys and lungs ; very few in blood from the heart. 
A tube culture m gelatine from the spleen developed numberless colonies in each of 
three needle tracks, i^-owmg precisely like cultiires from the spleen of swine. A 
liquid cuitui'e from the blood showed the motile bacterium on the following day, 
and line cultures made therefrom revealed the same gro^vth on plates as that from 
swine. \ ' ' '■" ■ ^ ' - - ^ - 

Guinea-pig No. 4 presented the same local as well as general lesions. The spleen 
vwas dark in spots and very friable. Yessels of the mesentery injected. The bac- 
teria were as abundant in the organs as in No. 3. Cultures made as described for 
No. 3 proved identical v/ith the latter. 

These animals are as a rule more refractory than rabbits with reference to the 
virus of rouget, rabbit-septicsema, and a new pathogenic microbe described in a 
subsequent section of this report. 

Microscopic examination of tissues of infected animals. — In sec- 
tions of tissues from cases of liog-cliolera, cut after being imbedded 
in pure paraffine, the bacteria stain yery well in aniline water methyl- 
' violet. Tbe sections may be treated afterward with a J per cent, solu- 
tion acetic acid without removing the stain. Treated in this way and 
, examined with a iV -/y- homogeneous immersion the bacteria ap- 
pear in plugs or clumps, never isolated. In the spleen such colonies 
are seen in the spleen pulp near the trabecufe; in the kidney the plugs 
are rare even in the most hemorrhagic cases. In sections of the wall 
of the large intestine of a recent case in which there was much extrav- 
asation, the submucous tissue was infiltrated with red blood corpus- 
cles, which had forced their way between the bundles of areolar tissue 
and among: the fat cells. Occasionally masses of cor23uscles were seen 
beneath the serosa. In a number of sections carefully examined no 
bacteria could be detected. 

When we take into consideration the coagulation necrosis produced 
by this bacterium when injected beneath the skin in mice^ pigeons, 
rabbits, and guinea-pigs, and its tendency to grow in plugs or colo- 
nies, the hemorrhagic effect is easily explained. The growth in the 
smaller blood vessels coming in contact with the walls destroys them 
and gives rise to extravasation. In. the intestinal mucosa the^^extrav- 
asation may lead to a cutting off of the food supply and consequent 
necrosis and ulceration. 

The liver of a mouse which Had succumbed to hog-cholera, inter- 
spersed with whitish specks and patchea of necrosed tissue, was ex- 
amined in the same way. The section contained unstained areas 
corresponding to the patches of coagulation necrosis seen with the 
naked eye. These unstained areas are dotted with stained, shriveled 
nuclei and surrounded by a zone of leucocytes. The bacteria are 
found in small clumps both within and on the periphery of the un- 
stained areas. They are also present in the capillaries of the sur- 
rounding tissues. In the larger vessels they are present, but scattered. 

In the muscular wall of the abdomen of a guinea-pig invaded from 
the seat of inoculation on the thigh the bacteria had penetrated in 
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immense numbers through the connective tissue surrounding the 
individual fibers and produced extensive extravasation, thereby forc- 
ing the bundles of fibers apart. 

THE BACTERIUM OF H0G-CHOL.ERA IN OTHER OUTBREAKS. 

In an outbreak of hog-cholera at Ivy City, D. C, several miles 
from the Experimental Station, the same lesions were found, coupled 
with the presence of the previously described bacterium, as shown 
by the following notes: 

Fig No. 261.— Brought to the station a few hours after death. Considerable red- 
dening of the skin of the limbs and over the pubic regions. Extravasations into 
tlie subcutaneous adipose tissue; considerable deeply stained senim in abdominal 
cavity; spleen very much enlarged and gorged with blood. Lymphatic glands in 
thorax and abdomen all deeply congest-ed. Hemorrhagic foci in lungs. Mucous 
membrane of csecumand upper colon almost black, the remainder deeply congested. 
Numerous small ulcers scattered over the mucosa of caecum and colon. Besides 
these, there were, about 6 inches from the valve, two ulcers nearly 1^ inches across, 
so deep as to produce an inflammatory adhesion between the serous surface of the 
intestinal wall and adjacent organs. The mucosa of the fundus of the stomach 
deeply congested; numerous small ulcers near pyloric region. The small intestine 
unalfected, if we except a few petechii©. Botli kidneys much swollen; glomeruli 
gorged with blood; also ihe pelvis and bladder. In the spleen the bactera of hog- 
cholera were very abundant, as shown b3^ cover-glass preparations. Two liquid cult- 
ures therefrom were pure, as determined micrK^soopically and on gelatine plates. 

This case is interesting from two points of view. It demonstrates 
the identity of cause of two virtually independent centers of the dis- 
ease. It also suggests a double infection; the first causing the few 
deep ulcers and probably only a very slight general infection; the 
second, invading the entire body, producing rupture of the blood ves- 
sels by a necrosis of the vascular vfalls. 

Another outbreak near the city of Washington presented the same 
features. The spleen of the animals which succumbed contained the 
bacteria of hog-cholera only. 

The Bacterium of Hog-cholera in Nebraska Outbreaks . 

Early in March of the present year (1886) Dr. W. H. Rose was sent 
to the West to collect material for the study of hog-cholera, in order 
that a comparison with the disease as it exists in the East might be 
made. Is the disease identical with that described in the^ Second An- 
nual Report? If the cause can be proved the same, the diseases must 
necessarily be regarded as identical. 

It was thought best to use the spleen, which has nearly always fur- 
nished pure cultures of the specific bacterium, and which, in the 
great majority of the cases, contains the bacteria in such numbers that 
they may be easily detected in cover-glass preparations. The spleen 
was removed from the body of pigs killed for that purpose and placed 
in a bottle plugged with cotton wool, which had been sterilized at 
150° C. Spleen pulp was rubbed upon slides, dried, and sent with the 
bottles. 

Ten animals were- examined in all, about three from Kansas and 
the rest from three, different places in Nebraska. From the notes 
sent there seemed to be little doubt that the lesions resembled those 
described in the preceding report very closely. As to the spleens, 
none of them arrived at the laboratory in good condition. Some of 
them were partially decomposed; others were covered Avith fungi and 
zoogloea of micrococci. Cover-glass preparations revealed a variety of 
forms, most of them large bacilli, some spore-bearing. In only one 
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case did a bacterium resembling the microbe of hog-cholera appear 
amongst a number of other forms. We shall return to this case later on. 

Of the slide preparations the dried films were searched in vain for 
the presence of the bacteria, indicating plainly the external origin of 
the putrefactive forms. Plate cultures were made in a few cases 
without any promising results. Mice were inoculated with bits from 
a number of the spleens by introducing them beneath the skin of the 
back. A few mice died, probably of malignant oedema, and the rest 
remained well. 

In only one case was the result unexpectedly successful. This 
came from Tecumseh, Nebr., the spleen in which the bacterium 
seemed present in cover-glass preparations, Plate cultures and line 
cultures directly from spleen x)ulp were equally unsatisfactory, owing 
to the variety of germs present. 

Two mice, Nos. 69 and 70, inoculated with bits of spleen tissue, furnished a key 
to the problem. Both were inoculated March 23; one died March 30, the other 
April 1. In No. 69 tliero was a very large quantity of sorum in the subcutaneous 
tissue of the skin about the abdomen and in the abdominal cavity. The liver, es- 
pecially along its border, was dotted with small patches of coagulation necrosis. _ A 
cover-glass preparation of spleen and liver negative. The culture from the effusion 
contained several. forms of bacteria, as might have been expected. A liquid culture 
of the blood seemed a pure culture of a motile oval hacterliim, resembling closely 
the bacterium of hog-cholera. In No. 70 the lesions were more nearly identical 
with those observed after inoculating mice with the bacterium found in the East. 
The lymphatics of the knee fold and the spleen were very much enlarged; the 
liver contained small patciies of coagulation necrosis; lungs and kidneys congested. 
Bacteria, not to be distinguished from those of hog-cholera, were found abmidantly 
in spleen, liver, and heart's blood; in small number in lungs and kidney. The liquid 
culture was identical with that from No. 69, A tube culture in gelatine and line 
cultures from the liquid cultures failed to grow for reasons discovered later on. 

In order to determine whether the bacterium obtained from these mice was patho- 
genic or not, four mice were inoculated April 6 (Nos. 75 and 76), from the culture 
of No. 69, 77, and 78 from the culture of mouse 70, each receiving from 5 to 10 
drops of the culture liquid, April 12 all four mice were found dead. In No., 76 
there were signs of commencmg necrosis in the liver. There were no marked 
lesions observed excepting a variable enlai'gement of the glands in the knee fold. 
In the liver and spleen of every animal the oval bacteria, with pale center, were 
present in large numbers. As these had succumbed in less than six days, the most 
characteristic lesions, great enlargement of the spleen and coagulation necrosis in 
the liver, were absent. These changes were invariably produced with the hog- 
cholera bacterium first described when very minute quantities were inoculated, by 
v;^hich the period of disease was prolonged for nearly two weeks from the date of 
inoculation. April 20, Nos. 84 and 85 were inoculated with 5 drops of a culture 
derived from mouse No, 78. No, 84 died in two days, and No. 85 died in six after 
inoculation. In both the' characteristic bacteria wwo present in spleen and liver. 
At the same time Nos. 83 and 8;i were inoculated from tlie culture obtained from 
the blood of mouse No. 77. No. 82 died two days after, and No, 83 seven days 
after, inoculation. In the latter case the longer time had allowed the formation of 
coagulation necrosis in liver and great enlargement of the spleen. 

This new microbe, identical morphologically with the bacterium 
of hog-cholera already described, produces a disease in mice w^hich 
is practically the same as that produced by the latter microbe. 

The effect of these two bacteria is the same on rabbits. May 22 a 
young rabbit received subcutaneously an equivalent of .001*^° of the 
eleventh culture (mouse) four days old. !Mo symptoms of disease ap- 
peared until June 5, fourteen days after inoculation. It was then 
very quiet, refusing to move and breathing with some effort. On the 
following day it was found dead. The autopsy revealed the following 
lesions: 

At the place of inoculation was found a yellowish-white mass resting on thg 
muscular tissue and covering an area about 2^™ in diameter. This mass, consistine 
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of necrosed tissxie, did not crumble reaiMly between tlie forceps. The superficial 
veins in tlie vicinity were dark and distended vvitii blood. On the contiguous al> 
dominal v/all tliere was a patch about 2^'" diameter closely studded with small ex- 
travasations. These wore found isolated as far as the lowest ribs on the same side. 
In the abdominal cavity there was a small qua^ntity of stained serurn. The in- 
testines and bladder were lightly glued to each other and to the abdominal walls. 
The spleen but slightly augmented in size. The liver studded with minute isolated 
whitish points of coag^llation necrosis. Lungs mottled with a bright red through- 
out. In the spleen and liver the bacteria inoculated v/ere abundant. A culture in 
nutritive gelatine from the liver grew precisely hke former cultures. Two cultures 
in beef -infusion peptone were turbid on the folio whig day, and had a eomplete 
membrane.'^ Both were pure cultures of the motile bacteriiim i 

A *young rabbit inoculated May 28 with a comparatively large quantity of the 
thkteenth culture (mouse) was found The local and general lesions 

w^ere the same as tiiose above detailed. TheObacteria were present in considercable 
. nuioabers in spleen and liver. . " ; 

In liquid culturt^^ from Ijlood of lieart and liver the motile bacterium only was 
found, forming a surface membrane. Gultnres in gelatine were equally satisfactory. 
The lesions produced by this bacterium resembled those produced heretofore by the 
bacterium discovered in the East very closely. The spleen, however, was not 
markedly enhu"ged. 

Effect on pic/eons.— Two young pigeons v^rere inoculated April 23, beneath the skin 
over the pectorals, each wdth .6'='^ of a culture from a niouses. They appeared unaf- 
fected until April 27, when the feathers became ruffled and the birds moved about 
with difficulty. They became worse, exhibiting the usual appeai'ances of j>igeons 
inoculated with the hog-cholera bacterium; feathers much ruMed, so ias to -give 
the birds a puffed appearance, tail feathers droopmg, head drawn in and depressed. 
Discharges of a mucous character. One was found de;id April 30, the Other died m 
the course of the same day. In both the pectorals presented the parboiled appear- 
ance due to the local e^ffect of the culture and previously described. In one bird 
the bacteria were iibundant in the liver, few in the spleen; in the other there were 
:but a few in both organs. Finally, liquid as well as tube cultures in gelatme . were 
successful in containing the -bacteritim inoculated. " Another pigeon inoculated at 
the same time, which had been fed with spleen unsuccessfully some weeks previ- 
ously, did not become sick. After two weeks it was killed, and in. each pectoral an 
elongated sequestrum was found surrounded by a membrane and evidently m pro- 
cess of absorption. Another pigeon previously vaccinated and inoculated with the 
bacterium of the East, and now inoculated /viuth this bacterium from Nebraska, 
remained perfectly well. Two other pigeons Were* indciilated Ap^^ 
of comparison, one with l*^*^ of a liquid culture of the Eastern, and the other with 
the Westerh variety^ Both pigeons exhibited the characteristic symptoms above 
described. The former died April 30; the latter recovered. When killed later 
only a small sequestrum was found at the seat of inoculation. In the former, bac- 
teria were found in spleen and liver. A tube culture m gelatine from liver and a 
liquid culture from blood of heart were both cultures of the Eastern germ. The 
bacterium failed to show any pathogenic effects when injected beneath the skin of 
two guinea-pigs. The same culture which was promptly fat^^ to a rabbit had no 
effect whatever on a guinea-pig moculated at the sa^^ 

Whether we are here confronted by a very slight atltenuation or weakening of 
the virus with reference to giiiuea-pigs, due to prolonged caltivation in artificial 
medisi, with an occasional rejuvenation by its passage through a susceptible animar, 
or whether the difference in activity between it and the bacterium from Eastern 
outbreaks of the disease is in reality due to a permanent physiological difference, 
reniains to be determined by additional experiments. 

lii order to deterniiiie the effect of inoculation iipon pigs at tlie 
Experimental Station, tits of two spleens from Nebraska \Yere intro- 
duced beneatli tlie skin of eacli ttigli and th^ remainder fed to the 
same animals on March 16. A slight swelling at the place of inocu- 
lation soon subsided. As no results followed, the same animal was 
fed April 28 with portions of the spleen of four or five i)igs which had 
died of hog-cholera at the Station, It was found dead May 4. With- 
out giving the autopsy notes in -detail, it- is sufS^cient to state that 

^This bacterium differs from the one described in forming a surface membrane 
on liquids. 
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among other lesions the large intestine and ileiim were more or less 
ulcerated. : ' 

May 12, two pigs (5^os.^34: and 237), were inoGulated each with 
about 3^-*^® of a seyenth culture obtained originally from a mouse. 
One-half was inje^^^ eacli thigh. There being 

no indioation.s of any disease after this inoculation, Bo. 237 was fed 
July 10 with portions of viscera from cases of hog-cholera, and was 
found dead July 15. No. 234 was fed July 25, and died from the ef- 
fects August 8. No. 219 received May 28 10«« of a liquid heef -infusion 
peptone culture, one-half into each thigh. At both places a small 
tiimor developed, which did not disappear, ' This animal seemed un- 
affected by the inocula with No. 237, July 
10. Both died on the same day. In both animals there was consicl- 
erable superficial necrosis in the caecum and colon, and complete 
necrosis of the mucosa of the major portion of the ileum.. In No. 219 
there was an encysted mass about the size of a marble in the subcu- 
taneous connective^ tissue at the place of inoculation, freely movable. 
On section a grayish- white cheesy mass, partially converted into a 
liquid in the interior, could be easily peeled out of a capsule, the inner 
surf ace of which was considerably redd^ In Nos. 237 and 219 
. the spleen contained tb e bacterium of hog-cholera, as determined by 
coyer-glass preparations. No. 234 wa^ not examined. The subcu- . 
taneous inoculations having proved unsuccessful thus far, a pig was 
fed June 4 with the viscera of a rabbit which had died from the inocula- 
tion, and the organs of which contained the bacterium in abundance. 
June 9 a second rabbit was fed to the same pig. July 20, one month and 
a half later, the animal being apparently in good condition, it was ; 
fed with the viscera of a pig which had died of hog-cholera at the 
station. After some days of marked debility it was found dead 
August It presented the lesions consequent uipon a general sys- 
temic invasion of the virus, greatly augmented spleen, deeply con- 
gested lymphatic system, hemorrhagic foci in lungs, and extensive 
necrosis of csecum and upper colon. 

The negative results of these few experiments must not incline us 
to reject the conclusion that the microbe under consideration was 
actually the cause of this outbreak of swine disease in Nebraska. 
When we remember how closely it resembles in its cultures, reaction 
and its pathogenic effect upon smaller animals the bacterium which 
was demonstrated to be the cause of the disease as observed for oyer 
a year at the Esperiinental Station, the evidence from the standpoint 
of to-day beconies too strong to be set aside. We must also remember 
that the culture was obtamed early in March, and wa-s kept for inoc- 
ulation experiments without re-enforcement from any fresh cases of 
disease for several months, and that the disease is only exceptionably 
produced by subcutaneous inoculation. Our information concern- 
ing the attenuation of this virus under cultivation is very meager, 
although it is highly probable that any microbe adapted to a parasitic 
existence will suffer by artificial cultiva-tion. 

In order to determine whether the disease could be produced by 
feeding the bacterium from Nebraska in liquid cultures, two pigs 
(Nos. 383 and 384) were fed, each with about 250^^ of a beef-infusion 
culture after being starved for over twenty-four hours. No. 883 re- 
ceived previous to the ingestion of the culture liquid about 1 liter of 
beef broth to which 1 per cent, sodium carbonate had been added. 
The feeding took place on the evening of December 19, 1886, On the 
following evening No. 384 was dull: on the next day it did not eat, 
40AGh-^86 
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was dull, and its bowels relaxed. It continiied in this way, with poor 
appetite and manifesting generar debility , until the ninth day, when 
it was killed for examination, which ga^^ following faets: 

Stomach rather pale; the mucous membrane of small intestine much reddened. 
The Biucosa of large intestine, from cfficum to rectumv very dark red m large 
patches Tesemblingln some places punctifarm and diffuse extravasations. A few 
whitish'diphtheritic patches in the csecum; no ulceration. On section of kidneys a 
moderate number of punctiform extravasations were found limited to tne basal 
TDortion of the TDja-amids. Beneath the pleura the surfaces of both lungs were cov- 
ered with pale red BBots not larger than a pin's head. On section they coula also be 
seen Other organs not changed. Six Mquid culturm f rom blood and spleen re- 
mained sterile. In this case thelocal lesions were very mild compared with those 
produced by the bacterium from IlMnois and the East. In order to determine 
whether the bacteiia themselves; which had been cultivated for neaiiy months, 
had lost tJieii' vii'ulence for rabbits, a black rabbit received hypodermicaUy into the 
thigh of a culture in beef -infusion peptone one daj: old. The culture hquid was 
covered by the usual membrane characteristic of this variety. 

The rabbit died January 4, 1887, five days after inoculation. The germ, therefore, 
was still -as virulent as ever for rabbits. At the point of inoculation the blood ves- 
sels of the connective tissue and delicate fascia wvering the muscles on the mner 
aspect of the thigh were injected and tortuous. There vvas no extravasation, iiow- 
eve^ and on careful inspection what appeared to be so was resolved into arborescent 
iniections ti vcrv minute vessels. The fascia was but slightly thickened.^ The 
muscular tissue covered by it had a whitish aspect, and when cut mto it was found 
necrosed for a depth of several millimeters and over- an area of 3 or 4 square cen- 
timeters The neighboring lymphatic of tho knee-fold was enlarged and mhitrated 
with blood tlu:oughout. Spleen enlarged three to four times, blackish, triable. Me- ^ 
dulla of kidneys very deeply reddened, also mner portion of cortex. Liver s^iows 
sLx or sever larsre patches of a yell^nvish cast, representing regions of commencing 
coaffulatioTi necrosis. A large number of ecchymoses of the size of a pm s head on- 
ffall-bladder ; on mucous surface the membrane is blackish. Sim.iLar extravasations 
beneath the mucosa of the rectum for a distance of 5^^, and extendmg upon meso- 
rectuin; one of these is a projecting h^ematoma. Caudal and cephahc regions ot both 
iTinRS dark red, airless.: Beneath the pleura of these regions are Btiu aarker spota 
or ^chvmoses. The pleura covering the remainder of both lungs is dotted here ana 
there ^4h dark ^ots/ varying in size from a pin's head to 10^- aiameter ihe 
characteristic bacteria very numerous in spleen, less so m liver; few m blood from 

*^A^eM*me and hauid tube culture were made from the spleen and liver, and a 
Hauid culture from lieart's blood. In the tube the tracks of the needle were soon 
co-ered with colonies. In the liquid cultures only the motile hog-cholera bacteria 
were found. In two days every tube had a complete membrane, which became 
Rlishtly thicker a few days later. ; ^ ^ i, i u 

From the liquid culture prepared from the spleen one day old a lai'ge white rab- 
: bit received hypodermicaUy into the thigh . 05- The culture was dduted m ^steri^ 
beef broth and containing the above amount of culture ^^^A ^^^ected. ; 
Th« rabbit s^^emed well and active until it was found dead on the eighth^clay atter 
inofniiation. The local lesion involved only the subcutaneous tissue, in which tnere 
were ecchymoses and greatly enlarged vessels. At the place where the virus had 
been deposited a small nodule had formed, consisting oi a whitish, pasty mass. The 
lymphatic of the knee fold near by was enlarged, with dark red cortex The mter- 
organs, markedly changed as usual, were the spleen, ^ liver, and hiii|3. The 
spleen w^^^^ times enlarged, dark, friable, crowded with bacteria. Ihe liver 

was similarly enlarged. On its caudal surface there was^ a aiifuse discoloration, 
which on cloBer examination, was proved to be coagulation necrosis.^ It had in- 
vaded the acini from the portal system, leavmg the central portion si^llmtact (Plate 
VT Fic- S) On the cephalic aspect this network of necrosis was replaced by larger 
solid vSi]owishv7hitemasses. In tvro places near the border of the hver the necrosis, 
^twolved five to six contiguous acini, converting them into pale hyanne cyimdiirs. 
The entire paimchyma was thus more or less changed, as show^ xhe 
cut surface presented the same interlobular trabeculse of dead tissue. Thetacteria 
iniected wefe-zery numerous in this organ, The lungs were genially emphysema- 
tous The margins were dark red, with darker pomts, prooaoly hemorrhagic. On 
section these wire found throughout the lung tissue for fi^om the border. Bac- 
teria in moderate numbers. Two Uquid cultures from^spleen and hyer contamed on 
the Showing day the injected bacteria, with the membrane begmnmg to form. 
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The disease caused by this germ in tt^^^ duration; symptoms and 
l^siQns,_^^^ and mice, cannot be distinguis from that caused 

W of Eastern hog-eholera. It is/ moreover, entirely 

dilterent from rabbit septic8Bnaia,*i^ 

the spleen, no coagulation necrosis in liver, nor inflammation of lun^s 
IS present. ^ 
Eig ISTo. 884; fed with No. 383, was dull on the following day with 
relaxed bowels. It remained more or less unthrifty for several weeks 

after feeding. : " 

_^ Thus far the feeding experiments had not been conclusive, and a 
hnal attempt was made, which proved successful. 

A flask containing between 500^« and 600^^ of sterile beef infusion 
was inoculated from a culture (rabbit), and after standing jsix days in 
the incubator the entire amount was given to a pig which had not 
been fed for thirty-six hours. The cultura liquid was covered with a 
thin membrane, and on microscopic exanaination contained only the 
motile bacterium. The animal became dull and weak, eating little 
The bowels weredoose on the fourth day^^^ On the fifth it- was unable 
to rise, and -on the sixth it was found dead. - The autopsv notes are 
briefly as follows; . 

In abdominal cavity several hundred cubic centimeters of a reddish 
serum, a thin translucent exudate covering the peritoneum of the in^ 
testine, which^is diffusely reddened. Between the layers of the mes- " 
enteiy, along the line of attachment to small intestine, an abundant 
translucent gelatinous exudate. Spleen very dark on section- the 
surface dotted with elevated points of extravasated blood Liver 
congested. Lungs normal with exception of a few lobules/which 
are simply collapsed. : 

Almost t^^^^^^ digestive tract was found involved. Around the 
cardiac-orifice a zone of mucous membrane about two inches in 
width was covered with whitish diphtheritic patches. Isolated ulcers 
in dupdenum. About 6 or 7 feet of the lower portion of the small 
intestine very much thickened, the mucous membrane covered with 
a thin sheet of necrosed tissue, whitish, brittle. The caecum and 
portion^ot the colon greatly thickened, and covered with a thick 
layer o± necrosed tissue very rough and brownish. Near rectum- 
necrosis gives way to closely set, isolated, roundish diphtheritic ele- 
vations ot_ a- whitish color, which leave a raw surface when scraped ' 
away. ^ 

Thesedesions were therefore as intense as any produced by feeding? 
pure cultures of hog-cholera bacteria obtained from the East. The 
Identity of the^two bacteria from Nebraska and the East was thus 
completely established. 

In the liver and spleen the bacteria were few, for a cover-glass pi ep- 
aration from each organ did not show any after some searching 
Liqmd^ultures from tha^W^^ liver were turbS 

^^ll^^i^g day, and all contained the motile oval bacterium 
^^^^^^ complete membranes had formed on the surface, 

i he ditterential character of the bacterium had not changed, there- 
fore, mpa^mg through the organism of the pig. That tfe bacteria 
f^^ '^^^^^^od from the heart was indicated by a gelatine 
tube which had been^ m several times with a platinmn wire 

Clipped m blood; no colonieswere visible on the fourth day. Of three 
liquid cultures, each inoculated with a loop of blood, two remained 

* Journ. Comp. Medicine and Surgery, Vni (1887) rp. 24 
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sterile/ It was prestimed that tlie liwr would contain the largest 
iiunilDer, inasmiiGli as the portal cireulation recelTed its blood from 
the seat of the disease. This assumption was confirmed by the very 
abundant colonies surrounding apiece of liyer tissue which had been 
drowed into a tube of nutrient gelatine. / ^ 

In order to make certain of the pathogenic powers of the cultures 
obtained from this case of feeding the tube culture from the liver 
was used to infect two rabbits. ThesMn on the inner aspect of one 
thigh was carefully shorn and ddsinfected with .1 per cent, corrosive ^ 
sublimate. An incision was mad^ through the skin, and with a loop 
dipped in the surface growth of thB culture a minute quantity was 
introduced into this pocket. The larger of the two rabbits was found 
dead on the fifth day. Thelesions were briefly as follows :- 

Sliebt amount of pus at the place of inoGulation. Neighboring inguinal glands 
enlarp-ed and infiltrated with blood throughout. Surrounding vessels muck injected 
and very tortuous. Liver very friable, spleen dark ^nd enlarged; both dotted with 
■points and stellate snots of coagulation necrosis, especially numerous on the caudal 
surface of the liver." Both organs contained the bacteria of hog-cholera m large 
numbers. Lungs deeply congested, perhaps hypostatic. A small number of ecchy- 
moses beneath pleura; very few bacteria in kidneys and heart's blood. 

The second rabbit was found dead on. the sixth day. The lesions 
were the same, if we except the more pronounced coagulation necrosis 
in the liver (Plate VI, Fig. 1) and its absence in the spleen. The bac- 
teria of hog-cholera were distributd as above; very abundant in spleen 

and liver;ltmgs normal : . ^ ^t. -ut^-x 

Gelatine-tube cultures from si>leen and liver of these rabbits con- 
firmed the microscopic examination. Liquid cultures from the blood 
contained the motile bacteria> which had formed a brittle surface 
membrane on the second day. / ■ 

Differential characters of the hog-cholera bacterium from Ne- 
braska. --l%<d bacterium, when stained on cover-glass preparations 
from the spleen and other viscera, closely resembles the one found- in 
the disease prevalent in the East, so that it is impossible to distin- 
guish them m this way. Both stain well in an aqueous solution of 
methyl- violet in from two to five minutes, and show a well-stained 
narrow periphery around a pale center. This may be due to the 
presence of a dense envelope obstructing the inward movement of 
the coloring matter. In the lasb report an opinion was expressed that 
it might suggest the presence of an endogenous spore, but that the 
other evidence did not seem to warrant such a view. The experi- 
ments of the present year have not changed these views. The illus- 
trations given in the last report apply equally well to the microbe 
f rom Neteaska. : : \ 

A few minor differences revealed in the various culture media indi- 
cated that the two microbes were not alike in every way, and brought 
up the very interesting question of the variation of species of bacteria 
and the infiuence of such variation on the severity of epidemics. 

The first difference was observed in liquid cultures. Within 
twenty-four hours after inoculation from the spleen or blood the 
culture liquid became turbid, and upon its surface a complete mem- 
brane was present in nearly every case. This whitish membrane is 
not homogeneous, but made up of patches of varying thickness, and 
when shaken, slowly settles to the bottom in lumps and floccuii. The 
microbe of Eastern outbreaks does not form a membrane within sev- 
eral days after inoculation, and then only when the tube remains 
perfectly quiet. It appears as a whitish ring attached to tho glass, 
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and is rarely found covering the entire surface. When a number of 
successive inoculations are made a week apart the later cultures are 
quite apt to f orm memhranes after a few days' standing. Thus one 
microbe forms a membrane very speedilyj the other only occasionally, 
and then quite tardily. 

In these liquid cultures both exhi^^ three or four days 

after inoculation, very active spontaneous movements, Someitimes 
masses of five to ten bacteria may be seen moving actively to and fro 
and at the same time revolving about them^^ 

In the same culture liquid the microbe from Nebraska seemed to 
grow more vigorously, so that at the end of two or three days the 
liquid became turbid^ and the deposit in the bottom of the tube was 
very abundant after one or two weeks. 

Both fail to liquefy gelatine. A very slight but significant differ- 
ence was observed in this medium also. It was found that when line 
cultures were made on. plates , of gelatinej in order to test the purity 
of liquid cultures, the microbe from Nebraskaf ailed to develop, while 
the microbe from the East invariably grew as described in the pre- 
ceding report. This obseryartion wa made so uniformly with every : 
culture that it became later a means of distinguishing the two forms 
when the cause of this behavior beeame known. Such lines, after a 
few days, appeared as an aggregation of mere points under a l-incli 
objective, and did not enlarge, or else there was no indication of any 
growth whatever, : _ 

Later, another quantity of riutrient gelatine was prepared, which,;; 
on boiling, threw down a very fine precipitate, uniformly clouding 
the gelatine. A few drops of acetic acid added to it when liquefied 
by heat dissolved the precipitate completely. It seemed ]probable 
that the precipitate was some alkaline phosphate or carbonate, and 
in fact the reaction with litmus paper was more alkaline than with 
the gelatine prOTiously used. In this, medinm the bacterium from 
Nebraska grew very well both on plates and in^ the bao- 

terium from the East grew much better than in the previous prepa- 
ration of gelatine, thus showing that an alkaline medium is best for 
the bacterium of hog-cholera, and that the Nebraska variety is by 
far the more sensitive, and fails to multiply unless the reaction is 
fairly alkaline. On gelatine plates the colonies are somewhat darker 
and more coarsely granular when viewed by transmitted light than 
those which develop from the Eastern variety^ 

On the surface or beef -infusion peptone agar-agar made slightly 
alkaline with potassium carbonate both bacteria grow very vigor- 
ously when kept in the incubator at 95° to 100° F. On potato both 
grow as a dirty straw-colored layer at the ordinary temperature, so 
as not to be distinguishable. (Plate V, Fig. 3.) 

From the comparative plate cultures and from potato cultures both 
bacteria, when inoculated into liquid media, showed the character- 
istic difference already mentioned. On the following day one cult- 
ure would be CO vered with a membrane, the^ other not. In milk both 
miiltiply without producing any Mcroscopio chang 

This bacterium is likewise killed by a temperature of 58*" 0. , as the 
following experiment shows: Five tubes containing sterile beef- 
infusion were inoculated from a liquid culture ten days old, obtained 
from a mouse. Four of these were placed in a water bath at a tem- 
perature of 58° C. , and retained there for fifteen, twenty, twenty-five, 
and thirty minutes respectively. These, with the check-tube, were 
placed in the incubator. Next morning the check-tube was turbid 
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and tie liquid capped by the charaoteristiT? membrane, consisting of 
the oval bacterinm. The four heated tubes remained permanently 
clear; - ' : . > ^ . ; . - / . - - . . 

Hog-cliolera in Illinois caused by the same Bacterium, 

A Herd was found Septembery 1886, a few miles southwest of Sodorns, 
dhampaign County/ Illinoisv in which a number of animals had al- 
ready perished from what was supposed to. be hog-cholera. The dis- 
ease had existed for months; and the affieeted animals usually lingered 

for several weeks. : 

Two pigs about four months old were chosen from this lot, which 
were so weak as to be scarcely able to stand or move about, and killed 
by a blow on the head. Owing to the disadvantages of the situation 
no thorough autopsy oould be made. In wha^t we shall denominate 
Fo, 1 the superficial inguinal glands were very much enlarged^ 
purplish. : In the thorax the caudal portion of both lungs was com- 
pletely solidified. On section the hepatization had a variegated pale 
red appeaMnce. The smaller bronchi were plugged with a white 
tenacious mass. A few bands loosely attached the lungs to the costal 



size and color. The large intestines were filled with dry hard fecal 
masses. On opening them about four or vflve ulcers, i inch across, 
were found in the ceecal portion; the mucous membrane itself, was 
pale^ Yvitli a few specimens of trichocepJialus attached to it. ^ The 
Btomach was emply, the mucosa pale, and pyloric region bile-stained. 
In ]^o. 2 the lungs were in the same condition, the pleurisy slightly 
more marked. In the abdomen the spleen was four or five times the 
normal size, very soft, and gorged with dark blood. In the small 
intestines lesions caused by echinorhimchi were present. In the 
intestine, which was empty, ;the only lesion noticeable was a patch of 
ulceration involving the mticous crypts at.the base of the ileo-caBcal 
valve. Stomach as in No. 1. 

The major portion of the spleen of Wo. 1 was removed with sterile 
instrurdents and transferred to a sterile bottle plugged with cotton 
wool. Within four or five hours bits of this spleen were carefully ex- 
cised after thoroughly scorching the surf ace with a heated platinum 
spatula, and placed in tubes containing nutrient gelatine. Cover- 
glass preparations gave negative evidence as regards the presence of 
bacteria. Within two days minute whitish points could be seen in 
the depths of the gelatine. The hot weather had liquefied the gelatine 
and allowed the bit of spleen to sink into it. Small surface patches of 
a very gelatinous appeara.nce were also present. On returning to the 
laboratory at Washington the colonies in the four gelatine tubes thus 
prepared were found to be made up of the oval motile bacterium of 
hog-cholera, identical with the bacterium described in the preceding 
report microscopically and in its growth in gelatine and other culture 
media. There was not even a single differential character by which 
this germ might be distinguished from the one demonstrated to be the 
cause of hog-cholera last year. 

In order to test its pathogenic effect on small animals .and to make 
comparisons a number of animals were inoculated simultaneously 
from the same liquid Gulture. This was obtained as follows : One of 
the original gelatine tube ciiltures was used as the starting-point and 
from it a liquid culture inoculated. On the following day a gelatine- 
plate culture was prepared from this, and when the colonies had de- 
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yeloped sufficiently a tube of beeMnfusion pei^toiiG was inoctilated 
froni one of tbein. In tMs way. a liqni^^^ oultiire was obtained from 
i;be progeny of a single germ^ although the preceding cultures had 
been found pure. . ; ■ 

Three days later (October 4) the following moculations were made: Two mice, J^^c 
-each; 1 guinea-pig, 1 pigeon; f<^^r 3 rabbits/ i a respectiYely; and3pio:s^ 5*^" 
and S.g'^^- Of- tliese animals the pigeons, the guinea-pig, and the pigs remaiiied 
well One of the mice escaped several days after inoculation; the other remained 
apparently well until October 18, two weeks after inoculation, when it was found 
dead. This long period of incubation and sudden death were characteristic of hog- 
cholera. An exaraination confirmed the natura of the disease. The spleen was 
enormously enlarged with a mottled grayish and bright-red surface. The liver 
very large, dark red, and dotted with miniite whitish points of coagulation necrosis, 
found so uniformily in inoculated mice last year. Both liver and spleen contained 
the oval bacterium in large numbers. The lungs were deeply congested. 

Both rabbits suecumbed on the seventh day, about eight hours apart. Tlie lesions 
-were also the same as those observed heretofore. In No. 1, at the place of inocula- 
tion, there was a small area about -| inch in diameter; over which the fascia covering 
the muBcles was infiltrated and thickened. There Hvas no peritonitis, but the fat 
about the kidneys contained patches of injected capillarieg. The spleen was very 
much tumefied, its dimensions being 6«^, l-«i, -l^i^. It was very soft and dark. The 
liver was large; rather pale. On its surface were sca^ttered whitish points and 
patches of coagulation necrosis, most numerous about the portal fissure. Kidneys 
but slightly reddened; The lungs were deeply congested; the pleural surf aces were 
mottled everywhere with blood-red points and patches. The stomach was normal. 
In the. duodeiium, at the pylorus, a band of hemon-hagic deposit encircled the tube. 
Fori inch farther the'mucosa was covered with petec 

in the spleen, liver, lung, and kidney the bacteria of hog-cholera were very abun- 
dant; in blood from the heart quite scarce. Cultures in nutrient liquids from liver 
and blood proved pure. The movements of the bacteria were exceedingly active 
when examine in a drop suspended from a coyer*glass. The tube cultures in gela- 
tine from the spleen and liver contained the same bacterium. 

In the second rabbit rigor mortis wm marked an hour after death. Locally a 
thick pasty infiltration had formed in the subcutaneous connective tissue, suiTounded 
by injected vessels. The spleen, liver, lungs, and kidneys Dresented precisely the 
same lesions as were found in the first rabbit. There was a slight amount of serum _ 
in peritoneal cavity, not containmg bacteria, as a tube of beef infusion inoculated 
from it rema-ined sterile. The extravasation at pylorus was limited to a small 
patch. There was, however, a cii-cumscribed area on serosa of large intestine cov- 
ered with petechia. The bacteria were abundant in spleen and liver; absent in 
cover-glass preparations of kidney, lung, blood, and peritoneal fluid. A liquid cult- 
ure of blood contained the motile bacterium only. Tube cultures in gelatine inocu- 
lated from the spleen andthe liver also proved pure. 

These autopsies; the microscopic examination of the organs, and 
more especially the inYariably pure cultures from each animal, con- 
firmed the supposition that the microbe obtained in Illinois was the 
same as the one causing hog-cholera in the E?^^^^^ The fact that 
neither pigs nor pigeons nor guinea-pigs died does not in the least 
weaken this conclusion. The experiments on preventive inoculation 
show clearly that large doses of liquid cultures can be borne with im- 
punity^ by the majority of Bwine when introduced beneath the skin. 
The m„icrobe may have been of a less virulent variety than the one 
with which inoculations were made last year. : On the other hand, a 
most virulent case of hog-cholera' was produced by feeding 
cultures, as the following notes will show: 

A pig was kept without food for over twenty-four hours. A 2| per cent, solution of 
sodium carbonate m meat broth was then -given to it. Gf this it consumed about one 
liter, taking thus about .95 grams of the salt. It was then fed with about 50°*^ of gela- 
:tme:cultures and 100°^ of liquid cultures of the hog-cholera bacterium obtained from 
rabbits which had succumbed to inoculation; one was obtained from the origiiial 
gelatine culture of the spleen made in Champaign County, Illinois. The animal was 
found dead December 4, scarcely three days after feeding. This was the briefest pe- 
riod of illness thus far observed. The lesions were very pronounced. Pyramids of 
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kidneys deep red througliotit ; glomeruli visible as dark points. Lungs pale , not fully 
collapsed. Eight heart filled with semi-coagulated blood. Liver gorged with blood. 
Mucosa of stomp^ch intensely reddened, especially along fundus, and covered with a 
thick layer of tenacious mucus. Mucous membrane of ileum similarly affected. 
Peyer's patches exceedingly dark red, showing through serous coat. The elevated 
border gives each a slightly concave boat-shaped appearance, Tlie colon also deeply 
congested, almost hemorrhagic in patches, filled with a small quantity of semi-liquid 
feces. The rectum still filled with comistent masses. The mesenteric glands con- 
gested.- ' ■ . - . :\ . ^ ■ 

The feeding had thus produced a very severe inflammation of the digestive tract, 
so severe, in fact, that the animal died before the ulceration or necrosis had begun. 
The diagnosis was fm'ther confirmed by obtaining pure liquid cultures from the 
spleen, ^he fiver, and blood from the heart. The bacteria were not sufficiently 
aunierous in these organs to be detected by the microscope. To make sure that the 
carbonate of soda had no corrosive effect another animal was ti*eated precisely in 
the same way by starving and feeding a solution of the salt. No ill effects what- 
ever were manifested. 

In order to test the specific pathogenic character of the bacterium obtained from 
this animal a large rabbit was inocula-ted subcutaneously with about i^*^ of a fiquid 
culture from the blood. On the sixth day the rabbit was lying on its side; abdom- 
inal breathing very labored. It was found dead on the next day. Slight tliicken- 
in^-of the subcutaneous tissue and fascia covering the thigh muscles at the 
pomt of inoculation. The muscular tissue covered with minute ecehymoses around 
the infiltrated patch. Small quantity of serum in the peritoneal cavity. Spleen 
very large, blackish, exceedingly friable, and crowded with bacteria. Liver en- 
lai-ged; interlobular tissue pale; the entire parenchyma very soft and brittle. Dot- 
ting both surfaces of all the lobes are small grayish- white patches, involving one, 
two, or three, rarely more, acini, and bounded very sharply by the acini them- 
selves. Peculiar figures are thus formed, three contiguous ones giving the patch 
a clover-leaf appearance. On section they are found to extend to the depth of one 
or several acini into the parenchyma. The great majority of these masses of coag- 
ulation necrosis involve lobules on or near the surface. Only a few are in the 
depths of the organ. When such a whitish mass is spread on a cover-glass and 
stained innumerable bacteria of hog-cholera make theii* appearance. The rest of 
the tissue is likewise crowded with them. Beneath the pulmonary pleura are large 
purplish patches of extravasation, which on section extend deeply into the paren- 
chyma. The lung tissue is in general congested. Blood froni the heart contained 
very few bacteria. No eultures were made. 

_ A pipette filled mtli lieart's ■blood f rom pig Fo. 1 (Sodorus, 111.), as de- 
scribed in the first annual i-epprt, and sealed, was opened a^bont three 
weeks later. Want of time bad prevented earlier examination. Two 
liqnid cultures were inoculated from the contents of the pipette, which 
were dark and firmly clotted, without any order whatever. v On the 
following day both were clouded, and contMned the motile bacterium 
of hog-cholera growing on gelatine in the same manner. One of the 
cultures contained in addition a streptocpccus, which was eliminated 
by making plate cultures and inoculating fresh tubes from a single 
colony. A second pipette furnished a pure culture of another patho- 

fenio microbe, probably the cause of the lung disease* This will be 
escribed in detail farther on. 

From the spleen of No. 2 cultures were made as above. Small 
pieces were dropped into tubes of gelatine with the usual precaution. 
t)ne tube remained permanently sterile. In two others liquefaction 
began after several days. A rather large bacillus was found in both 
tubes, in one associated with a microbe to be described later. Pieces 
of the spleen from the culture containing this ba^cillus alone were 
placed beneath the skin of two mice. Both remained welL This 
bacillus, therefore,, had no pathogenic elf ect upon these animals. It 
was probably a germ accidentally present in the spleen during life 
rather than a contamihation of the cultures. iTo' f urther attention 
waspaidtoit - 

The bacterium of hog-cholera was not therefore obtained from the 
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Spleen of jSTo. 2, ISTor was it present in a pipette of blood obtained 
from tlie heart. Tlie antdpsy notes will indicate that the intestinal ; 
lesions were limited to a single patch, of ulceration at the base of the 
valve. Whether this was due to hog-cholera cannot be said. !N"ever- 
theless the absence of the bacterium of hog-cholera from the internal 
organs in chronic cases, or its great scarcity, has been a matter of 
common observation in our investigations of this disease. The dis- 
ease is in fact over, and only the lesions remain. It resembles in this 
respect -typhoid fever in man. 

The presenGe of another microbe in this animal, however, even 
more virulent in its effects upohr a than the bacterium of hog- . _ 

cholera, gives it a peculiar interest, as indicating the existence af two 
totally distinct diseases in the same herd and even in the same animal. 

To illustrate the negative results of ten obtained in this disease it 
seems advisable to give the post mortem notes of another case of 
genuine hog-cholera observed at a place but a few miles from the 
herd from which Nos. 1 and 2 were taken. In this herd the animals 
were slowly dying of a chronic malady lasting weeks. None of those - 
alive seemed very ill excepting one, which, when incited to run, would . 
move a short distance and then lie down. Yet when an attempt was . 
made to catch it it showed considerable strength, scarcely warranted 
by the extensive lesions found at the autopsy. It was killed by a few 
blows on the head. The following facts were noted down: 

Thesuperficiaiinguinal glaudsvery largeandof a pale red. In the 
peritoneal and pericardial cavity a small quantity of serum; blood clots 
readily ; lungs normal. In the caecum the mucous membrane is con- 
verted into a continuous yellowish necrotic layer. The remaining 
portion of the large intestine, containing but little food, is studded 
with isolated ulcers from 1"" to 2"" (i to i inch) across, showing on the 
/surface concentric brownish and yellowish rings. These ulcers are 
visible as opaque whitish patches under the serous coat, 'which are 
surrounded hy zone of newly formed injected vessels. The ulcera- 
tion, being thus deep, indicated a disease of some weeks' duration. 
These lesions accor ded very well with those observed at the Experi- 
mentalStation, 

The spleen, which was preserved in a sterilized-bottle, contained no - 
germs visible on cover-glass preparations. A pipette of blood was 
sterile, neither liquid nor solid cultures manifestmg any growth after 
inoculation. Of about six tubes of gelatine, each containing a bit of 
spleen tissue, all but two remained j)ermanently sterile. One of 
these contained a feebly growing motile bacilW, harmless to both 
mice and rabbits. The other contained a liquefying microbe not 
further examined. 

BXPEKIMENTS DIRECTED TOWARDS PRODUCING IMMUNITY, 

On page 219 of the Second Annual Keport of the Bureau of Animal . 
Industry an account is given of an experiment demonstrating the 
very important fact that pigeons may be made insusceptible to the 
strong virus of hog-cholera by the subcutaneous injection of liquid 
in which the bacteria had multiplied and had afterwards been de- 
stroyed by heat. . : . 

In order to confirm the remarkable result there obtained a second 
experiment was tried- in the same way. Three pigeons were inocu- 
lated at three different intervals indicated in the table below with 
l®** of heated culture liquid in which the bacterium of hog-cholera 
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had beeiiiniiltiplying for sixteen eleven, and fourteeii days, respect* 
ively. Three additional pigeons received only two doses from cnlt- 
ures;sixteen and fourteen days old^ respectively. The culture liquid 
used was beef infusion containing 1 per cent, peptone; The tubes de- 
scribed in the First Annual Report of the Bureau were used unless oth- 
erwise stated.' The liquid Vas injeotedlaeneath the skin covering the 
pectorals on both sides of ^ Three pigeons were reserved as 

a check upon the experiment All heated cultures used \vere tested- 
by inoculating fresh tubes/ which rBmained invariably sterile;. Six 
days after the last inoculation with heated vii^ nine pigeons 
were inoculated each with of the eighth culture, two days old, from 
the spleen of pig No. 166^ On the f ollowing day two of the three check 
pigeons were found dead. The restwere apparkitly undistmi3ed. The 
third check pigeon, vfhich v^as not affected by the inoculation, differed 
from the rest of the pigeons in having a differently shaped trmik, a 
long curved beak, large ruffled masses over the nostrils, and nearly 
invisible iris. It was "snow white; It to have some of 

the characters of the carrier pigeon, ijeaving this bird out of account, 
this experiment was as conclLusive as the preceding in demonstrating 
the'protective power of devitalized cultures. 

In the two dead pigeons the pectorals presented a parboiled ap- 
pearaixce over a,n area about 2"^ by 8''" (1 by 1^ inches). On section 
the discQloration extended into the muscular tissue for from i to i 
inch. Nothing characteristic in. t internal organs. In both the 
■ oesophagus wa^^^ filled as far as the pharynx. with regurgitated food. 
This phenomenon had been -observ_ed in form^ 
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Since the product formed during the growth of. the bacteria is not 
destroyed bv the heat necessary to destroy the life of the bacteria 
themselves, it became necessary to determine whether the evapora- 
tion of the culture liquid in a water bath at the temperature of boil- 
ing water would destroy this product. 

Recent investigations point to an alkaloid or ptomaine resulting 
from the multiplication of bacteria in liquids/ It seemed advisable, 
therefore, to determine whether the substance producing immunity 
in pigeons was related to or identical mth the ptomaines thri^ far 
examined. If the boiling temperature destroyed the power of pro- 
ducing immunity, the substance possessing this property must either 
be easily volatile or decomposed at this temperature. The cultures 
used were renewed from day to day, so that the seventh culture would 
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indicate tliat the seventt ti^^ inocnlated from the sixtli, 

and tliat the original culture from the spleen of the animal was not 
more than seven or eight days older than the seventh. 

In the following experiment two pigeons received two injections 
of heated; cultures/ two received injections of cultures which had 
been evaporated on a water bath to one-half or one-third the original 
volume and. restored to this volume by the addition of sterile dis- 
tilled water, and two were reserved as checks. The cultures used 
were from eighteen to twenty-three days old. All received tliese in- 
jections beneath the skin of the fight pectoral. Five days after the 
second inoculation each received beneath the skin of the left pecto- 
ral of the ordinary unattenuated culture'. On the following day 
one of the check pigeons was dead and one sick, as shov/n by the 
ruffled pltimage and quiet position. Those which had received the 
heated culture were botli well and remained so. Of the two which 
had received the evaporated culture one was well, and the other sick, 
which died two days later. From the blood from the heart a pure 
cutttire of the bacterium of hog-cholera was obtained. A few bac- 
teria were found in cover-glass i^reparations of the liver and blood. 
The dead muscular tissue of the pectoral was already beginning to 
separate as a sequestrum. 

This experiment seemed to point to a partial destruction of the 
elernent producing Immunity during the process of evaporation. - 
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A number of other experiments were made, which are tabu.lated 
below. In some the culture liquid was evaporated on the water bath 
to dryness and again diluted in sterile water. In others the culture 
liquid was simply heated to 58° C. to devitalize it. This was tested, 
as before, in every case by inoculating sterile infusions therefrom. 
In a few experiments the age of the culture was limited to three 
■"■days. ;\ - : 

The results of these experiments show that evaporated cultures 
are less efficacious than heated ones; also that a single injection -is 
not protective. A period of two days between consecutive inocula- 
tions seems to be sufficient to protect. It will be observed that the 
experiments were most uniformly successful in the winter. As the 
warm weather approached the birds became less susceptible, so that 
the checks failed to take the disease in some experiments. In the 
winter they usually died within twenty-f our hours; after inoculation 
with strong virus. Grains of corn in the beak and oesopliagus indi- 
cated partial regurgitation of food from the crop. Later on the birds 
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lived longer/ Tte feathers becam ruffled and gave tliem a puffed 
appearance. Tiiey stood in a corner pf the coop with 
■ the tips of the wing separated from each other more than normally, 
the tail feathers tonching the ground. The birds were consGions of 
movements about them, and %vonld, when approached, regain for a 
time their nGrmal position, relapsing^i^^^ former relaxed attitude 

: -soon after, . : - ,y i- -. 
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1 cc. 
\ 1 
1 


June 1. 
f cc, 

t - 
f 


Very sliglitly ill, but apparently, well June 9, 
Do. 
Do. 






Eyap. virus. 


Evap. virus. 


Str^nig virus. 




VU 


1 
3 
3 
4 


1 cc. 

1 

1 


Icc. 

1 

1 


1 CO. 

i 


June 2^, well; July 1, welL 

Do. 

Do. 
Slightly^iU. 






Heated virus. 


Heated virus. 


Strong virus. 




vm 


1 

2 
3 
4 


Junel% 
1 cc. 
1 ; 


June 15. 
Ice. 
1 
1 


Jtcne 18. 
4- ce, 
* 

- k 


Well July 1. 
Do. 
Do. 
Do. 
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In order to determine whetlier siicli yery susceptible animals as 
rabbits and gninea-pigs could be made immune by beated cultures 
three rabbits were selected^ two of wMcb were inoculated witb beated 
cultures and the tbird kept as a check. The culture liquid used con- 
sisted of about 2 per cent Liebig's meat extract and 2^ per cent, pep- 
tone, neutralized with sodium carbonate. Contrary to the former 
method^ the cultures were made in Erlenmeyer flasks, and the liquid 
was not more than deep. Considerable evaporation took place 
through the cotton-wool plug, which was coyer ed" with tin-foil. Thus 
it. was /^resumed the bacteria would multiply more abundantly be- 
cause ot the greater amount of air to which the surface of the liquid 
was. exposed. When the cultures were fourteen days old they were 
heated to 58° G. to destroy all life, their sterility subsequently being 
tested by reinoculation into fresh tubes. Eabbits Nos, 3 and 4 i*e- 
ceiyed subcutaneously into the thigh on April 24 and 28 and May 1 
1.5*'*' of this culture liquid. May 6 the three rabbits (Wos. 2, 3, 4) 
were inoculated subcutaneously with an equivalent of ■gio*'*' of a ■four- 
teenth culture of the bacterium of hog-cholera. Nos. 2 and 3 were 
found dead May 12. No. 4 died on the morning of the same day. ^ 

All, therefore, succumbed to the inoculation with strong virus in 
about six days, those having received about 4. 5*^° of the heated cult- 
ure as quickly as the check animal. " 

In No. 2 (check) there was slight necrosis of the muscular tissue at the place of 
inoculation. Small amount of serum in the peritoneal cavity. Spleen enlarged, 
very dark, and friable. The bacterium of hog-cholera was present in large num- 
bers in cover-glass preparations of the spleen and livery fewer in kidneys, the cortex 
and pyramids of which were deeply congested. A liquid culture from the heart was 
found pure microscopically and when giown on gelatine plates. 

In rabbit No^ 3 local necrosis more pronounced than in No. 2. Ecchymoses on 
the contiguous waU of the abdomen. Large intestine loosely adherent to bladder, 
the latter to abdommal wall; mesenteric vessels distended with blood; spleen very 
_Bof t , dark ; bacterium of hog-cholera very numerous in spleen, less so in liver. A 
gelatine tube culture from the spleen pure. 

In No. 4 the local lesion was similar to that in Nos. 2 and 3. The Hver studded 
throughout with very small punctiform or stellate grayish- white masses of coagu- 
lation necrosis. A larjge abscess filled with white creamy pus and with a well-de- 
fined wall fiUs the major portion of the right Mngv Several small abcesses present. 
The bactei^ of hog-cholera were abundant in spleen and Uver. A liquid culture 
of blood frora the heai*t and a gelatine tube culture from the liver were both pure 
cultures of the same bacterium. No immunity was thus obtained by the injection - 
of this quantity of devitalized culture liquid. 

A simitar experiment was tried with three guinea pigs, the same cultures being 
used. Nos. S and 6 received subcutaneously into the thigh 1^^ ^p^ii g^^ 24^ and 28. _ 
The culture first used ten days old, those used subsequently fourteen days old. May 
5, one week after the last injection, the tliree animals were inoculated with an equiv- 
- alent of TdW''*^ ^ thirteenth culture in beef -infusion peptone two days old. The 
check animal (No. 7) and one inoculated animal (No. 5) both died May 16, eleven 
days after inoculation with strong virus. They were weU and active to vtdthin a 
few days before death, when they began to crouch together and breathe heavily. In 
No. 5, at the place of inoculation, two small glands were enlarged, and a cavity was 
found containing soft, dirty grayish material, showing no cellular structure under 
the microscope. It was very likely a product of coagulation necrosis. The spleen 
was enormously enlarged, its dimensions being 2 by 1 by i inch. The Hver was 
dotted with grayish points and patches of coagulation necrosis. Kidneys pale, soft, 
enlarged. Lungs of a deep red. Both liver and spleen crowded with hog-cholera 
bacteria. A gelatine tube culture from the spleen pure. In No. 7 the local lesions 
were confined to an enlargement of the lymphatics, otherwise the lesions were iden- 
tical with those of No. 5. One cover-glass preparation from spleen and liver re- 
vealed no bacteria, but a liquid culture from heart's blood and a gelatine tube 
culture from the spleen were both pure. In both rabbits and guinea-pigs the local 
lesions were more pronounced in those previously inoculated with heated virus. The 
third guinea-pig remained well. A second inoculation with of a hquid culture 
May 22 was also without effect, as it was well and active June 2. 
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Tests with Mated virus on Pigs. 

In orfer to test the effect of heated cnltiires upon pigs the follow- 
ing experiments were made March 1: Two animals (J^Tos. 162 and 
17a) received liypoderniically each 9^^ of a second and third cnltnre, 
twelT6 and thirteen days old, respectiYely, which had been devitalized 
by heat. March 9 a second dose of was given in the same way, 
using a fifth and eighth cultnre eighteen and fourteen days old re- 
spectively. These cultures were made in beef infusion coixtaining 1 
percent, peptone, excepting one, which contained about 2 percent, 
of blood serum in place of the peptone. After the second inoculation 
of No. 162 a swelling appeared on one side. Both were fed with vis- 
cera infected with hog-cholera, and placed with sick and dying pigs 
in a large infected pen. No. 162 w'as found dead March 29 and No. 
173 April 5, The appended table and notes give a summary of the 
experiment: - 



Number. . 


Mai'ch 1. 


Marck 9. 


Total. 


Fed. 


Bied. 


Number days 
after feeding. 




cc. 


cc. 


cc. 








i6si;;........„. V. 


9 


9 


18 


March 19 


March g9- 


10 


9 


: 9 


18 


March 19 


April 5 





. No. 162. Subciitaneous fatty tissue much reddened. Mucous membrane of stomach 
considerably ulcerated; of small intestine deeply congested. For 8 or 10 feet above 
the iieo-cgecal valve the mucous membrane of ileum is completely necrosed. Large 
ulcers; in esecum and upper portion of colon. 

No. 173. Subcutaneous fatty tissue slightly reddened. PetechiaB under pulmonary 
pleura. Extravasations under serosa of esecum and colon. . Inflammatory adhesions 
of large intestine with walls of abdomeh, A patch of extravasation beneath peri- 
toneal layer of dorsal abdominal wall nearly 2 inches across. Spleen very much 
enlarged and softened. The mucous membrane of large intestine and several feet 
of ileum necrosed and breaking down. Fundus of stomach deeply congested. 

TMs experiment clearly sKowed that tMs -method was no protec- 
tion to the animal when the latter was infected % 

It now became necessary to determine whether this method would 
confer immnnity npon animals simxjly exposed to the disease hy co- 
haMting with diseased animals in infected pens. Observations made 
upon other diseases by inyestigators, and by ns upon this disease, 
seem to lead to the inference that it frequently depends on the quan- 
tity of Tirus. introduced into the system whether the disease will 
make its appearance or not. In feeding this quantity is considerable; 
m simple exposure in infected pens to diseased pigs the amount of 
virus taken into the body with the food and drink is necessarily in 
small and repeated doses. The following experiment was therefore 
planned: 

/ Four pigs (Nos. 163, 164, 177, and 196) were inoculated March 13 
with heated virus, each receiving 44 f« beneath the skin of each thigh. 
The cultures in beef infusion with 1 per cent, peptone were about fif- 
teen days old when heated. The second inoculation was made March 
16 from a culture in an Erlenmeyer flask about eleven days old, and 
containing about 50*^^ of culture liquid. Each animal received im 
as before. - : ^ 

Jfarc/^ 31.--These animals, to two check pigs (Nos. 195 

and. 201) w<3re placed in a large infected pen. Within a period of 
thi-ee weeks from this date at least fifteen pigs died of hog-cholera 
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in tMs pen. Tiie two check animals died on the 14tli and 19 tlx of 
Aprils respectively. Of fonr vaccinated animals only No. 163 showed 
signs of the disease, and gradually developed in^^ a chronic case^ dy- 
ing of general debility on May 1. The three other vaccinated am- 
mals remained apjoarently well for months after, although constantly 
exposed to the disease in the infected pen. 



Pig. No. 


Vaccination. 


Expos- 
ure. 


Died. 


Number of days after exposure. 


March 13. 


March 16. 


163.;....... ..V.......... 


c.c. 

9 
9 
9 
9 


c.c. 

10 
10 
10 
10 


Mar. 31 


May 1 


31 day^. 

3 months and S3 days. 

3 months and 7 days. 

19 days. _ ; 

14 days, ' 


164 


177.......... 


Mar. 31 
Mar. 31 
Mar. 31 
Mar. 31 


July 23 
July 7 
April 19 
April 14 


196 ...................... 


195 ...................... 


201 ........ ....... 













Aiitopsy notes,---No. IQS. Spleen not much enlarged; texture firm; effusion into 
pericardial and tiioracic cavity. Lymphatic glands enlarged, but pale; two ulcers 
in stomach; small intestine normal; mucosa of csecum and colon studded with 
many extensive and deep, yellowish ulcerations. On cover-glass preparations of 
the spleen only a few bacteria could be seen. Two liquid cultures inoculated from 
the same organ remained steriie. No colonies appeared in the gelatine tube inocu- 
lated with blood from the heart. A few developed m the tube inoculated from the 
spleenv ^ . - ^ 

No. 195. Spleen greatly enlarged; gorged with blood; very friable; shreds of 
a fibrinous exudate on serosa of intestines; much serum, in abdominal cavity; pete- 
ehise on epicardium of auricles; small anterior lobes of lung hepatized; mucous 
menibrane of gall bladder ulcerated ; extensive ulceration and inflammation of mu- 
cous membrane of caecum and colon. Hemorrliagic inflammation of kidneys, 

No. 201. Spleen but slightly enlarged; lungs extensively hepatized; intense con-r 
gestion and conimencing ulceration of the mucosa of large uitestine; stomach and 
portion- of ileum siMlarly congested.^: T^ no bacteria were found on a cover- 
glass preparation, a pure culture was obtained by carefully dropping a piece of 
spleen tissue into a culture tube. This waB tested on^ 

After apparently resisting the infection for several months the remaiQing pigs 
(N^. 161, 177, and 196) were transferred to a clean pen. No. 177, not very thrifty, : 
began to decline, and finally died July 33. Among the most prominent lesions were" 
a plastic exudate on the epicardium and numerous large old ulcers In the large in- 
testine. The mucosa itself was extensively pigmented. No, 196, on reriaoval f rom 
the uifeeted pen, seemed in good condition, but it died July 7, after some days of 
unthrifty condition. In this case the mucous membrane of the large intestine was 
pigmentedv and there were what appeared to be cicatrices of old ulcerations. In all 
of the large serous cavities there was considerable effusion. In cover-glass prepa- 
rations of the spleen there were no hog-cholera bacteria to be seen, but numerous 
bacilli resembling those of malignant osdenia. ^ 

A second experinient was made in the same way upon Nos. 197 to 
200/inclusive;and Ko. 157. March 24 each animal received in the 
thigh about 10^° of a mixture of heated cultures in beef infusion with 
1 per cent, peptone about fourteen days old, March 29 an equal 
amount was injected, one-half into each axilla, these cultures being 
about fifteen days old. These animals were kept until April 20^ when 
all but No. 157 were placed in the large infected pen. From that 
date on pigs die^d almost erery day of the disease, so that the infection 
must have been quite thorough. Uhfortunately no check animal 
was exposed at the same time. In these animals the slight swelling 
at the seat of inoculation disappeared in a few weeks. 

They retrained well, with the exception of NI o. 199^ which became 
emaciated and was found dead May 19y about one month after expos- 
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ure. The tliree remaining animals were apparently unaffected nearly 
ibwo montiLS after exposure. At tMs time Mo. 197, which, appeared 
rather thin^ was killed, to determine if any ulcerations were present. 
But the mucous membrane of the intestine was entirely normal, with 
nb indications of former ulcerations. " 



Pig No. 


Injection of heated virus. 


Time of ex- 
posure. 


Bemarka. 


March Jii. 


HiarehiS9r 


1^.. ......> 


cc. 
10 
10 
10 
10 
10 


cc. 

10 
10 
10 
10 
10 


April 20. ^. . . 
April 20,.... 


Killed June 10. Healthy. 

WeUJunelO. 
Died May 19. 
Died July 12. 
Died June 28. 


200.............................. 

257...................... 


April 20. .. . . 



Autopsy notes of No. 199. —Slight extrayasation in subcutaneous connective tissue. 
Spleen somewhat enlarged, filled with blood, friable^ considerable effusion in peri- 
toneal cavity. Eight lung in part hepatized; pleuritic adhesions to chest- wall; hem- 
orrhage in s^nd about pelvis of kidney ; lymphatic glands purplish; extensive and 
deep ulceration of the mucosa of large in testins. 

Pig 197 , killed for examination, was very anaamic. There was some pale serum in 
abdominal cavity. The kidneys and lymphatic glands showed evidence of chronic 
inflammation. The lungs were exceedingly pale. No evidence of inflammation or 
ulceration in any portion of the intestiaal tract. 

It miist be borne in mind that the&e animals were constantly ex- 
posed for a period of several months to the virus of the disease, and 
that a Gontinnal straggle between the organism and the invading 
parasites iniist have been going^^ on, which naturally would tend to 
loy^^er the vitality. Such severe -conditions as these are: probably 
never realized among herds. : 

The later history of Ko. 200 does not, however, bear out the first 
supposition that complete immunity was attained. After being con- 
tinually exposed in the infected pen from April 20 to June 21 it was 
removed to a clean pen, where it continued to grow very weak. It 
died Julyl2, The autopsy revealed a plastic pleurisy over the right 
lung and a fibrinous exudate upon th The mucosa of 

the e£ecum was extensively necrosed; in the colon the ulcers were 
isolated;: the solitary follicles were very prominent. ^ A small bit 
from the epicardial exudate was placed beneath the skin of two mice. 
One of them died on the eighteenth day. The spleen was greatly en- 
larged. Numerous hog-cholera bacteria were present in this organ 
and liver. The epicardial exudate of the pig must have contained . 
but very few, for they could not be demonstrated in cover-glass 
preparations. The long period of time from the inoculation of the 
mouse to its death is also evidence of a very small quantity of virus. 

No. 157, inoculated^ with the rest, became quite lame in the hind 
limbs, so that it was thought best not to expose it to the disease in 
the infected pen for the time being. It soon recovered its power of 
locomotion, and was transferred to the infected pen May 25 and re- 
moved therefrom June 28. In the new pen it grew rapidly weaker 
and died Juii^ 28. On post mor tem examination the right lung was 
found entirely hepatized and adherent to the chest-wall. The mucosa 
of cseeum and colon was studded with large and deep ulcers; that of 
the fundus of stomach was deeply congested. 

It became desirable to determine whether repeated subcutaneous 
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injections of heated cultm^^^^^^ amount had been intro- 

dnced into the system would be more efficacious in producing im- 
munity. For this purpose the cuKure liquids were concentrated, bj/ 
using a 2 per cent, solution of meat extract with 2 per cent, peptone 
for some of the injections; for the remainder a 2 per cent, solution 
of peptone in beef infusion. The cultures were made in Erlenmey er 
flasks, plugged with cotton wool. 

The table given below gives the date of the injection and the quan- 
tity used each time. It will be noted that Nos. 191 and 194 received 
two. If OS. 216 and 218 three, and Hos. 219 and 221 four doses each of 
the heated culture liquid. The injections were made two days apart, 
the exposure in the infected pen and among diseased animals about 
one week after the last inooulation. Nos. 220, 232, and 235 were 
placed in th^^ at the sam:e time, to determine the virulence 

of the infection upon pigs which had hot received any injection. 



Pig No. 


Heated virus. 


Total. 


Exposure in in- 
fected pen. 


Remarks. 


April ^. 


Api-il 32. 


April 24. 


April 26. 


SIS................. 


cc. 

9 

9 

9 

9 


cc. 

8 
8 
8 
8 


cc. 

n 
n 

n - 
n 

10 


cc. 


cc. 

m 

32J 

- 24*: 

32^- 

18 

18 

'"is"" 


May 4.... 


N^iedMayl?. 
Died May 19. 

Do. 
Died May 23. 

Do, 
Died May 17. 
Died May 23. 
Died June 12. 
Died June 19. 




8 

*'*"§"" 

8 


May 4 


218.......:......... 


May 4......... 

May 4 


191........ 


May 4. .... 

May 4 


Ill 








8"'" 


May 4... 

May 4......... 













♦ Checks- 



All of the inoculated and control animals died within periods rang- 
ing from thirteen to nineteen days, only one living thirty-nine days, 
and this one a control animal. Of those that had received two doses, 
No. 191 died May 23 (nineteen days after exposure), with considerable 
ulceration in caecum and colon. Fo. 194 died May 19, with extensive 
and deep congestion of the lymphatic glands in general, of the kidney, 
stomach, and large intestine. In the latter, ulceration was not yet 
begun. No. 216^ which had received three doses, died very unex- 
pectedly tliirteen days after exposure; The lesions were of the hem- 
orrhagic type, involving extravasations and ecchymoses of the intes- 
tinal tract, niore> especially of tho large i^^^^ heart, lungs, lym- 
phatic and subcutaneous fatty tissue. Ulceration in large intestine 
very slight, the congestion being intense. Ko. 218, treated like the 
former, died fifteen days after exposure. The lesions were like those 
of No. 216, but not so severe. Ulceration as y;et very slight. 

Nos. 217 and 221, which had received four injections, died fifteen 
and nineteen days after exposure, respectively. The lesions in No. 
217; which died very suddenly, were of hemorrhagic character, the 
ulceration in the caecum and colon being quite superficial. In No, 
221 the ulceration was more pronounced, the general congestion anel 
extravasation much less so. 

Of the control animals the lesions of No. 220 were of the hemor- 
rhagic type, resembling those of No. 1^4 very closely. In No. 232 
there wa^ extensive ulceration of the mucous membrane of the large 
intestine. In No. 235, which lived for thirty-nine days after expos- 
ure, the mucosa of the csBCuin; and upper portion of the colon was 
involved in comj)iete necrosis nearly 5""'" thiek. Beyond this the ne- 

- : 41 AG—m : 
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crosis took the form of isolated ulcers. Owing to the depth of the 
ulceration inflammatory adhesions had formed between the ctecum 
and adjacent organs. There was no reactionary swelling of the inoc- 
ulated animals at the point of injection. 

Those animals in which the disease took the hemorrhagic type 
succumbed very suddenly, as if the invasion had taken place in a 
siiigle day. In those animals in which symptoms of weakness and 
loss of appetite a]3peared some days before death the well-defined 
lesions v/ere as a rule limited to the large intestine in. the form of 
ulcerations. The former cases represent a class in which the bac- 
terium invades the entire vascular system; in the latter the absence 
of a general congestion and extravasation seems to indicate a more 
local multiplication of the specific disease germ in the intestinal tract. 

This mode of vaccination, as shown by the results recorded, did 
not prove to be any protection to the animals, as they died, most of 
them, within a brief period after exposure from a very acute attack 
of the disease. 

The spleen examined in about one-half of these cases contained the 
bacterium of hog-cholera, usually in large numbers. From a few, 
cultures were made in which the bacterium was found pure. 

A second experiment was tried, in which each animal received hy- 
podermically 40*^^ of heated culture liquid in two doses. The cultures 
were made in beef infusion w^ith 1 per cent, peptone, the groAvth being 
killed by a temperature of 58° C. the third day after inoculation. 
The flasks used y^eve shaped like Erlenmeyer flasks, a glass cap being 
fitted over the flask by means of a ground-glass joint, which con- 
tracted into a straight narrow tube, plugged with glass wool. The 
remoA^al of a cotton- wool plug was thus avoided, the cap being removed 
for inoculation. This culture flask affords better ventilation and a 
more rapid evaxDoration of the culture liquid than does the culture 
tube with the bent ventilating tube. 

The following table gives all the facts necessary for an understand- 
ing of the experiment and its results: 



Pig No. 


Heated vims. 


Total. 


Exposure in in- 
fected pens. 


Remarks. 


Days after first 
exposure. 


June 14. 


June 17. 


231 


cc. 
20 
13 
20 


cc. 

20 
20 
20 


cc. 
40 
33 
. 40 




Died July 7 
Died July 9 
Died July 9 
Died July 8 
Died July 6 
Died July 10 
Died July 10 
Died July 9 


16 

18 
18 

17 
15 
19 
19 
18 




June 21 




June 21 




June 21 




20 
20 
30 


20 
20 
20 


40 
40 
40 


June 21 




June 21 






270* 


June 21 













* Check. 



It will be seen that all the experimental animals died, inoculated as 
Avell as check animals, within a few days of one another; death taking 
place about sixteen to eighteen days after the first day of exposure. 
A brief synopsis of the post mortem appearances will not be amiss in 
this connection: 

In No. 331 the spleen was very much enlarged and gorged with blood. The in- 
tensely congested mucous membrane of the caecum and colon was dotted with small 
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siiporlicial ulcerations. In No, 333 the congestion of spleen^ and nlcenitkm with 
C0iig.>ytion the large intestine, were also very marked, No^ 366 presented the 
same lesions. The ulcers in the caaoiim were from i to | inch across. No. MO 
(check) differed from the preceding oases in presenting severer lesions; greatly en- 
larged and congested spleen and lymphatic glands, entire superficial necrosis of the 
ceecimi and upper portion of colon, with intense congestion of the mucosa of the 
entire colon and great thickening of the vv'alls; extens^ of blood be- 

naath the mucosa of duodenum. 

Of the second lot of four treated in the same way, No. 267 presented very severe les- 
ions, consisting of intense congestion and extra^vasation, involvmg the spleen, lym- 
phatic glands, lungs, and kidney. The left hmg was almost entirely adherent to costal 
pleura. There %vas considerable hemorrhage in the pelvis of both kidneys. The 
large inteatine was least changed, the mucoaa being slightly ulcerated and containing 
some homorrhagic spots and points. This animal was first to die out of this lot of 
eight, in No, 268 the congestion involved the lymphatic glands generally, and the 
mucosa of the large intestine, which was extensively necrosed in its upper portion. 
No. 569 resembled No/ 2(17 in the se^^^^ lesions. The lungs vi'ere not af- 

fected, however, while the ulceration of c^Bcum and upper colon was very extensive 
and deeiD. No. 370 (check) presented extensive ulceration of the large intestine and 
a greatly enlarged spleen. In five cases the spleen contained the bacteria of hog- 
cholera more or less abundantly. In two none could be seen on one or two cover- 
glasses, No local s%velling had developed at the points of injection in any of the 
inoculated animals. 



In this experiment no immunity was producedj since the animals 
STOccumbed to the infection very quickly and showed themselyes very 
susceptihiej as indicated by the severe lesions of the internal organs 
in general, 

^ The foregoing experiments, aimed at producing immunity by the 
injection of the chemical products or ptomaines^ were, as a whole, un- 
sucoessful with reference to pigs, althoxigh successful upon pigeons. 
If larger doses of culture liquid had been given and in separate doses 
extending oyer longer periods of time the results might have been 
positive even upon pigs. The cost of the culture fluid being too great 
to rEiake the experiment of practical value on a large scale, no further 
attempts were made in this direction for the present. 

As thes etiology of this very virulent disease had been sufficiently 
demonstrated by the experinients reported last year, no particular 
attention vf as paid to a determination of the presence of the bacteria 
of hog-cholera by cultures. Usually the spleen was examined by 
means of cover ^glass preparations whenever time allowed, and in most 
cases large niimbers of the specific bacterium were present. In the 
many cultures from spleens made from these and subsequent oases to 
carry out the inoculations none other than the motile bacterium of 
hog-oholera appeared in these cultures. At the same time many- 
minor experiments upon mice were made for various purposes, and 
in all the characteristic lesions described in the second report were 
found associated with the specific bacterium. 

Inoculations with unattenu 



^While the tests for conferring immunity upon pigs by the injection 
of heated virus were being carried on it was thought advisable to ex- 
periment in the sarae direction with the unattenuated cultures them- 
selves. A lot of animals was at first inoculated twice with very 
small quantities, the period between the two inoculations being about 
two weeks. This time was sufficient to reveal any disease which might 
have been induced by the inoculations. Two weeks after the second 
inoculation the animal was infected either by feeding the interna] 
organs of pigs which had died of the disease or by exposing it to 
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the sick and dying iir^ii infected pen. It was soon fonnd that the 
inoculations were by: no means protective.in whatever way the virus 
entered the system. Feeding ■asually produced cases of the most 
acute chEtracter and with the most severe and extensive lesions. The 
doses of inoculated cultures were gradually increased in ciuantity 
without yielding any loetter results. Of a large numher of animals 
subjected to inoculation only five took the disease unmistakably as a 
consequence of the operation. \ ,i 

This method of protective inoculation having failed with unatten- 
uated cultures, there seemed no necessity for attempting any investi= 
gations with attenuated cultures. The experiments, including tables 
and post morUm notes, are given m ea^fenso as they were made. In 
reading them bveiv noticed that the virus was euitivated 

chiefly in liquid media, and the solid media/ more particu^ nutria 
tive gelatine, were only: employed to test the purity of the cultures. 
Whenever these cultures were used for inoculations they were pre- 
viously tested on gelatine plates by drawing a platinum wire, dipped 
into the culture, through the gelatine layer two or three times before 
the gelatine had become solid. Among the hundreds of cultures thus 
tested in the space of several months not one was found impure. 
Series of cultures extending up to the tenth generation were usually 
carried on by inoculating fresh tubes each day. The last culture 
tested as described above gave precisely the same colonies as the first 
in all the series thus far prepared. . The culture tube described in the 
first annuar report of the bureau was used almost exclusively -for 
these cultures in liquid media. The advantages and accessibility of 
cultures m liquids for purposes of inoculation - the readiness and ease 
with which quantities or doses may be determined, finally , certain 
characteristics of grbwth.in liquids, place this method on a level with, 
if not above, that of solid cultures for experimental purposes, ibr 
diagnostic purposes solid media are to-day a sine quanon of bacteri- 
ological work. . : , - . . ' \ V 1 

J^a7J}erime?^fe.— Pigs Nos. 152,^ 168, and -170 were inoculated 
' with pure cultures in beef -inf usion peptone as follows : On January 23, 
one drop of the seventh culture, derived from the spleen of pig No. 114; 
on February 8, with from a culture derived from a guinea-pig (No. 
4). Both cultures were diluted in sterile normal salt solution in such 
a way that 1*^*^ of fluid was injected each time. The inner aspect of 
the thigh near Poupart's ligament was chosen. The liquid was intro- 
duced beneath the skin into the subcutaneous tissue with a hypoder- 
mic syringe. There was no perceptible swelling at the site of either 
inoculation, excepting in No. 175, in which there were two nodes, each 
of the size of a walnut, at the seat of the first inoculation. In order 
to test the extent of the immunity which these inoculations ma y have 
conferred, feeding the viscera of pigs which had succumbed to hog- 
cholera was resorted to, the animals being transferred to the large in- 
fected pen for this purpose. Nos. 168 and 175 were fed in this way 
March 5, and two animals not inoculated (Nos. 158 and 159) were fed 
with them. Allfour died, the two vaccinated animals in about twenty 
days, the others in about fifteen days after feeding. March 13, Nos. 
152 and 167 were fed with two check animals Nos. 176 and 190. These 
four also died of hog-cholera; the two vaccinated ones averaging 
twenty days, the others eleven days after feeding. The inoculation 
may be said to have simply retarded death from five to aine days. A 
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table gwing a summary of tliese facts is appended, together with, a 
brief description of the j)Os^ mor fern app 



'^' .r ' Pig No. 


Janiiiary 23. 


Februarys. 


Fed with hog- 
cholera viscera. 


Died. 


Days after 
feeding. 


m ........... ............ 


Drop. 


cc. 
i 


March 13 ....... 




21 
19 
23 
17 
16 
U 
10 
12 




1 




March 13 ...... . 




188.... ....... .. . ...... 


1 




March 5 ........ 


March 28 ...... . 


175 


1 




MarehS 


March 23 








March 5 ....... . 


March 21 ....... 


189 






March 5 , 


March 19 








March 13 ...... . 


March 23 


190 ........................ 






March 13 ...... . 


March 25 ...... , 



Autopsy notes,— -'No, 152.— Skin of limbs and abdomen dotted with purple spots; 
on abdomen general reddening. Points of extravasation and ecchymosed spots 
throughout the subcutaneous connective and fatty tissue and on gastro-splenic 
omentum. Superficial inguinal glands greatly enlarged and congested. Spleen en- 
larged, filled with blood, and very soft. Petechige on epicardium. Numerous lobules 
of the lungs collapsed. Glomeruli of kidneys appear as deep red petechiae. In cae- 
cum and upper portion of colon extensive and deep ulcers. A few in the ileum near 
the valve. The mucosa of the stomach, small and large intestine, thickly covered 
with dark red points or petechise. ' 

No. 167 .—Dying, and hence killed by a blow on the head. Spleen swollen, friable;, 
epicardium dotted with points and spots of extravasation. In lungs a few collapsed 
lobules, Lyniphatic glands generally very deeply congested, similarly the mucous 
membrane of fundus of stomach and the kidneys. Large ulcers in caecum and upper 
portion of colon. : 

No. 168.--Subcutaheous and subperitoneal ^ numerous ecchymoses 

from i to 1 inch in diameter. Spleen enlarged, gorged with blood, friable. Petechise 
onepicardmm. Lungs not collapsed; its parenchyma contains numerous deeply 
congested areas from i to i inch in diameter. Kidneys enlarged, with extravasations 
on surf ace ajid in parenchyma. Cortex of lymphatics in general deeply congested. 
Extensive, almost continuous, ulceration of caecum and upper portion of colon, in 
part blackish, the remainder of the large intestine bemg the seat of severe infiam- 
mation and extravasation. Mucous membrane of stomach similarly involved. 

No. 175.— Subcutaneous tissue dotted with pale red spots. Tumor at the place of 
the first inoculation firm throughout, pale yellowish. Superficial inguinal glands, . 
as well of those of thorax and abdomen, with purplish cortex. Spleen tissue still 
firm, dotted with numerous bright red points, but slightly enlarged. Beneath the 
entire epicardium and endocardium many extravasations. Caecum and upper por- 
tion of colon extensively ulcerated. Serous surf ace of large intestine dotted with 
extravasations. 

No. 158.— Subcutaneous fatty tissue deeply reddened. Spleen slightly enlarged. 
Lymphatics in general with deeply congested cortex. Adhesive peritonitis matting 
the various viscera together and to abdominal walls; fibrinous and serous exudate 
abundant in the abdominal cavity. A few lung worms present. Caecum and colon 
extensively ulcerated; rectum congested. Serous surface of tliis tract dotted with 
extravasations. Fundus of stomach deeply congeste 

No. 176.— Slight reddening of skin and subcutaneous fatty tissue. Cortex of lym- 
phatic glands in general deeply congested. Spleen much enlarged and surface dotted 
with numerous bright red elevated points. A few petechise on endocardium and 
epicardium. Lungs deeply congested throughout; kidneys likewise inflamed. Stom- 
ach slightly reddened at fundus. Small intestme also slightly congested. Serosa 
of large intestine dotted with extravasations. The mucosa of caecum and small 
portion of colon one mass of necrosed tissue ^ Walls thickened. 
V No. 189.— Extensive and deep reddening of skin of abdomen^ throat, and limbs. 
Subcutaneous tissue only slightly reddened; spleen enlarged," gorged with blood, 
friable. Besides the general congestion of the lungs there are small darker areas, 
representing hepatized lobules. Bronchial glands and those along lesser curvature 
of stomach swollen and gorged with blood; the other lymphatics only moderately 
congested. Besides a small number of ulcers throughout the large intestine the 
mucous membrane is deeply congested and dotted with occasional hemorrhagic 
points. Kidneys extensively inflamed; on section the cortex shows extravasations. 

No. 190.— Considerable reddening of the skin of abdomen and ventral aspect of 
limbs, very slight in subcutaneous tissue. Spleen greatly enlarged; dark purple; 
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blood flows freely on cutting into it; very soft- Limgs contain regions of eongestion 
arid hepatizations, possibly due to the presence of a few lung worms. Lympliatic 
glands near stomachj the bronchial and super iicial inguinal glands deeply congested. 
Other glands only slightly congested. Miicous membrane of stomach extensively 
congested; a large patch of extravasation in fundus; large intestine severely in- 
flamed^ with oecasionar extravasations 

^In tliese animals tlie lesions of a seyere: type of hog-ciiolera were 
manifested l3ot]i by severe infl.amm:ations and liemorrhages of the 
viscera and the extensive nlcerations. It seems very probable that 
the bacteria begin their ravages after the food lias reached the large 
intestine; where it remains for a time. The absence of anything but 
a smallqnantity of semi-liquid matter in the small intestine indicates 
' the rapid passage of food from the stomach into the large intestine. 
The bacteria are protected from the gastric juice by the muscular 
and cellular tissue in which they are imbedded, and are thus able to 
pass through the stomach without being destroyed. The diagnosis 
of hog-eholera was confirmed in every case by finding the specific 
bacterium in cover-glass preparations of splenic tissue and obtaining 
therefrom pure cultures in liquid media and in gelati^^^ 

In conjunction with the first series of inoculations, two pigs (Kbs, 
149 and 161): were inoculated at the same time, as follows: January 
:23, with 1^° of the seventh culture in beef -infusion peptone derived 
from the spleen of No. 114. ITo reaction at the place of inoculation 
in No. 149; a tumor as large as a marble in Fo. 161. On February 
8 both received a second injection- of 1'^ of the second culture in 
beef -infusion peptone derived from, pig No. 165. Two swellings as- 
large as a chestnut at the place of the second inoculation in No, 149; 
im No. IGlalso aconsidera)ble't^ No. 149 Avas 

- fed March 5 with four of the preceding series; No. 161 on March 13 
with the' remainder of the preceding series/ and. some to be subse- 
quently spoken of. Both died of hog-cholera. The acGompanying 
table and brief autopsy noteB explain themselves: 





Inoculation. 


Fed. 


Difid. 


Days after 
feeding. 


Janiiary 23. 


Februarys. 


149 ...................v.... 

161 ......,..,.....,,..,> = .. 


cc, 
1 
t 


cc, 

X - 
1 


iVIarch 5 ........ 

March IS ....... 


March S4 ...... . 

Apinll4......... 


19 

32 



No. 149.— Slight reddening of tKe skin and subcutaneous connectiTe tissue; the 
nodes produced by inoculation firm, pale yelloivdsh, only one showing softening 
\vithin; spleen consklerably enlarged and full of blood; ascarides in gall bladder, 
which is ulcerated; mucous nienibranealongfundusof stomach intensely congested; 
the mucous menibrane of ciBcum and upper portion of colon one mass of ulcers; in 
the remainder of colon they are isolated;^ kidneys congeBted. 

No. ICi.— Great emaciation; spleen enlarged and gorged -with blood, very soft; 
all excepting the posterior region of each lung hepatized and the bronchi filled with 
a thick cream V mass, which consists almost entirely of jras corpuscles; lymphatics 
but slightly congested; adhesions between adjacent coil of large intestine and blad- 
der j csecum and colon studded with large deep ulcers; Talve greatly enlarged; in- 
tense congestion of mucous membrane of fundus; eover-glass preparations from the 
spleen of both cohtean the characteristic oval bactexuum. Gelatine and liquid cult- 
ures from the same organ were pure. 

The compaa'atively large dose of strong virus used for vaccination 
was not capable of x^rotecting' tliese animals f rorn tlie disease conimu- 
mGated l3y f eedi%/ There was no su^^ of disease caused by the 
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vaccination wlien tliey were f ed^ and the time inter yening was siiffi 
oient for the development of the disease from the injected virus. 
; Pigs :Nbs. .151, 169; 170, and 178 were inocnhated as in the preced- 
ing experiments on Febrnary 8 and 23 with of a beef infusion 
peptone culture derived from a guinea-pig and the seventh culture 
ironi the spleen of a pig in the same medium. The dose was diluted 
in salt solution so as to make of liquid. In Wo. 151 the second 
inoculation produced a tumor about 1 inch long and i inch thick. 
The firsli was scarcely noticeable. In 'No. 1G9 the first inuealation 
resulted in a bean-like nodule; the second produced several of the 
same size. In No. 170 neither inoculations showed more than a very 
slight swelling. In No. 178 both inoculations prodiiced rather exten- 
sive swellings. 

On being fed with the viscera of pigs known to have died of the 
disease all took the disease and died; two on March 13 and the re- 
maining two on March 19^ oiie in thirteen, one in eighteen^ and two in 
twenty-two days after feeding. A table summarizing these facts and 
brief j!?05i morife7?i notes are appended: -I 



Pig No. 


Inoculation. 


Fed- 


Died. 


Days after 
I'eeding. - 


February 8. 


E'ebruary 23. 




cc. 

i 


cc. 


March 13 ...... . 


March 26 ....... 


13 


169 


J- - 


March 19 


April 10,". ....... 




iro... 




. . . i . . 
i 


March 13 , ...... 


April 4 


\i2 


178 






March 19 


18 











Autopsy nofes.-^l^o, 151,— Purplish spots on skin of abdomen and paler ones in 
subcutaneous tissue. Inoculation tumor cuts like cheese ; yellowish white. Extrav- 
asations under endocardium and epicardium; left lung mottled from congested 
areas; cortex of lymphatic glands congested; those of meso-coion and lesser curva- 
ture of stomach dark purple throughout; kidneys pale: hemorrhage into pelvis of 
left kidney; extravasations into mucosa of stomach; moderate nuBaber of ulcers in 
caecum and colon; large quantity of bipod in the lower six or eight feet of ileum and 
in the large intestine; clotted in the former tube, where the mucous membrane is 
deeply congested. 

No, 169.^Small tumor on the left side, the place of the second inoculation; spleen 
enlarged and congested, with large hemorrhagic mfarcts; considerable effusion in 
the large serous cavities. Besides the general congestion of lungs, there are scat- 
tered throughout its parenchyma hemorrhagic foci. Hemorrhagic inflammation of 
kidneys manifested by bright red glomeruli throughout its cortex; lymphatics in 
general deeply congested; numerous petechise in stomach, small and large intestine. 
In cEBcum and colon large, deep ulcers. 

No. 170. —Redness of skin of abdomen; nothing at places of inoculation; spleen 
-enlarged, friable, full of blood; abdomen, thorax, and pericardial cavity contain 
much yellow serum, congestion of the lungs with darker hemorrhagic foci through- 
out; anterior lobes collapsed; kidneys enlarged, with a few extravasations on surface 
and in parenchyma; mucous membrane of stomach and intestines covered vAth 
many hemorrhagic points and spots. In large intestine, including rectTim, numer- 
ous old ulcers, some 1 inch across. Lymphatics in general extensively congested. 

:No.: 178.— Died quite unexpectedly. At the place of first inoculation two firm 
whitish masses ; spleen enlarged, friable ; its substance contains hemorrhagic infarcts ; 
extravasations beneath both serous surfaces of the heart; congestion of lungs, with _ 
numerous darker hemorrhagic foci; lymphatic glands of abdominal cavity very dark 
and gorged with blood; extensive ulceration about the ileo-osecal valve, in- the 
caecum, and colon; in the lov/er portion of colon and in the rectum numerous small 
extravasations. Hemorrhage into pelvis of both kidneys. 

^ . The post mortem determinatioii of a severe type of hog-clioleri^ 
in tliese four cases was confirmed by finding in the spleen of each 
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animal, by ine.ans of cover-glass preparations, numerous specific bac- 
teria of tins disease. Cultures in liquid media made from every 
spleen were found pure when examined microscopically as well as on 
gelatine plates. This experiment likewise proved the inefficiency of 
small quantities of non-attenuated virus introduced beneath the skin _ 
in preventing an invasion of the micro-organisms from the aliment- 
ary canal. 

A third lot of four pigs (^os. 117, 171, 172^, and 174), between three 
and five months old, were inoculated as before with .S^*" each from 
the second beef-infusion peptone culture derived from the spleen of 
Fo. 159. On March 1 they were inoculated with .2^*" from the second 
culture derived from the spleen of No. 156. In No. 117 there was a 
slight Bwelling after the first and one as large as a chestnut after 
the second inoculation. In No. 171 a mass 1-J to 2 inches long and 
three-fourths inch in diameter was faund at site of the first inocula- 
tion. There was but a small nodule at the place of the second inoc- 
tilatioii. In No. 172 two lumps,, like smaU marbles, formed after the 
first inoculation; after the second only a small nodule formed.- In 
No. 174 the reactioii after the second inoculation was manifested by 
an irregtilar tumor about 2 inches long and one4hird_of an inch in 
diameter, the reaction at the place of the first inoculation being less 
marked. 

Of these four, two (Nos. 117 and 172) were fed with the viscera of 
pigs dead from hog-cholera, together with two control animals (Nos. 
192 and 193), on March 19. ' The rest (Nos. 171 and 174) were simply 
placed in the large infected pen March 22, with those that had been 
red with infectious matter. Below the result is given in a tabulated 
form, \ It shoves that all the animals succumbed to the disease, those 
simply exposed by contact with the sick as well as those fed. Of the 
inoculated animals, those fed died in twenty-one and eighteen days 
after feeding; those exposed, in twenty-two and twenty-five days re- 
spectively. ; Those not inoculated d^^^ twelve and eleven days respect- 
ively after feeding. Here, likewise, we. notice the prolongation of 
; life in the inoculaled pigs; - 



Pig No. 



February 13. 



March 1. 



Date of feeding and ex- 
posure. 



Died. 



Days after 
exposure 
and feed- 
ing. 



117. 
171. 

m, 

174. 
192*. 



.2 
.3 



193* . 

m* . 



Fed March 19. ... ... 

Exposed March 22. , 
Fed March 19.,...., 

Exposed Blarch 22. . 
Fed March 19. 

do ............. 

Exposed March 31 . 
......do ............ 



April 9... 
April 13, . 
April G.., 
April 16., 
March 31 
March 28 
April 19. 
April 14. 



21 

22 
18 
25 
12 
11 
19 
14 



*Checli3. 



The lesions found at the autopsies of these pigs are briefly as fol- 
lows: 

No, 117.— ExtensiYe reddening of the skin of abdomen ; gi'eat enlargement of spleen^ 
wliiGb. is gorged with blood, very soft; petechial discolorations on surface of lungs 
and on section; large intestine studded with broad deep ulcers as far as the rectum; 
a few in ileum. 

No. 171.— Skin over ventral aspect of body deeply reddened; hemorrhagic spots 
under peritoneal covering of diaphragm and large intestine and tinder capsule of 
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kidneys; lungs congested^ containing numerous dark hemorrhagic lobules; part of 
anterior lobes collapsed. The spleen very large, dark colored; nodes slightly raised 
above surf^e, shown on section to be hemorrhagic infarcts; lymphatic glands gener- 
ally highly congested; petechial spots on surface and in cortex of kidneys; hemor- 
rhagic foci throughout mucosa of stomach and intestines. About four large ulcers 
in ceecum and colon. 

No. 172. — Reddening of skin of ventral aspect of body and of subcutaneous tissue 
generally; firm, pale yellow cheesy masses, surrounded by a thin membrane, at place 
of inoculation; engorgement of spleen and lymphatic glands; extravasations in pa- 
renchyma of kidneys. In c^cum and colon numerous deep ulcers, some coalesced. 
Mucosa of stomach generally congested, and that of intestines thickly dotted with 
pjetechiaB. 

No. 174.— Deep reddening of skin of abdomen; encysted cheesy mass at site of first 
inoculation; great enlargement of spleen; prominent red points on surface; effusion 
into abdominal cavity; anterior lobes of lungs collapsed, remainder normal; lymphat- 
ics highly congested; three large ulcers in cEecum; valve thickened and ulcerated; 
petechiae numerous throughout mucosa of stomach and intestines. 

No. 192.— Control animal. Eeddening of skin of ventral aspect of body and of 
subcutaneous tissue; spleen swollen, fixll of blood, friable. Atelectasis of the small 
anterior lobe of each lung; ulcers on the mucous surf ace of gall bladder. Cortex of 
lymphatic glands congested; mucosa of large intestines congested; numerous ulcers 
in caecum and upper colon. 

No. 193.— Subcutaneous connective tissue considerably reddened; spleen but shghtly 
enlarged, not much softened. Mucous membrane of stomach, of large and small in- 
testines, deeply congested; contents of large intestine fluid, chocolate colored. 

In cover-glass preparations from the spleen pulp of these animals 
nnmerous bacteria of liog-cliolera were found in each, preparation. 
Both gelatine and liquid cultures from every spleen proved to be 
pure cultures of the bacterium of hog-cholera. 

The diagnosis^made on posi mortem was thus confirmed by micro- 
scopic examination and culture. 

To determine the efEect of a single inoculation, on February 13 two 
pigs (Nos. 115 and 160) received subcutaneously each l*'^ of the second 
beef -infusion peptone culture obtained from the spleen of a pig. In 
N"o. 115 a tumor as large as a marble was found at the seat of in- 
oculation March 9. In No. 160 the tumor was elongated, about 2 
inches long and three-eighths of an inch thick. KTo. 115 was fed with 
viscera taken from cases of hog-cholera March 19. No. 160 was 
simply exposed to the disease by being transferred to the large in- 
fected pen. N"o. 115 died April 8. No. 160 recovered and was well 
May 6, The detailed account of this experiment is appended : 



Pig No. 


February 13. 


Date of feeding and ex- 
posure. 


Effect. 


Days after 
feeding. 




cc. 
1 
1 




Pied April 8 


20 _ 

















Post mortem notes.— No. 115.— Firm, pale yellow tumor at seat of inoculation^ 
encysted; center undergoing softening. Spleen tumefied, very dark and friable. A 
few extravasations beneath serous coverings of heart. In cortex of kidneys numer- 
ous hemorrhagic points; cystic degeneration of right kidneys; advanced ulceration 
of caecum and colon; scattered petechiae in mucosa of stomach and small intestine, 

No. 160.— Was very low for a time, beginning with April 1. It was barely able to 
stand ^and its appetite was poor. It rapidly recovered, however, and was gaining 
flesh in May. Whether the animal was suffering from hog-cholera or from the 
Sclerostoma pinguicola (kidnGj worm), with which some of this lot were found 
affected, cannot be said. 

In order to determine whether a single injection of a comparatively 
large quantity of culture liquid, while not inducing the disease, would 
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protect against the disease itself , the f one wing exijeriiiieiit was per^ 

formed: ,^ ./i 

Four pigs (I^s, 20% 204, 205, and 212) were inoculated April 2 with 
of a seventh culture in beef infusion with 1 per cent, peptone one 
day old. Four additional pigs (Nos. 206, 207, 208, and 209) received 
but 1"^^ of the same culture. The remaining four of the same lot 
(Nos. 203, 210, 211. and 213) were reserved as checks upon the experi- 
ment. Of these, l^os. 203 and 213 had a temperature of 106° F, , and 
hence were suspected of disease. This suspicion was soon confirmed, 
after they had been placed in a pen alone. Both had a severe diarrhea, 
;:One dying April; ll,:the other April 13. The lesions were confined to 
the mucous membrane of the large intestine, which was dotted with 
numerous eleva-ted lemon-yellow tough masses a few lines across^ ^ 
ulating ulcers. On close examination, however, this impression was 
dispelled. These tough masses were easily removed from the 

mucosa, which presented a slight depression without anyloss of sub- 
stance. They were evidently exudates from the mucosa and perhaps 
diphtheritic. There were no bacteria in the blood or in a bit of spleen 
dropped into a culture tube. No development took place in either 
tube. 

Of those inoculated with li'''^, two died from the immediate effects 
of inoculation; No. 204 died in eleven days and No. 212 in seven days. 
In No. 204- a tough tumor had formed at the point of inoculation on 
each side. The mucous membrane of the large intestine was com- 
pletely necrosed and the gpleen enlarged. In No. 212 local swelling 
" was present oil one side. The stomach and large intestine were deeply 
congested, with points of commencing ulceration in the latter.. In 
both animals the bacterium of hog-cholera was present in cover- 
: glass preparations of the spleen. Nos. 202 and 205 seemed to. remain 
unaffected by the inoculation. One moiith and a half later both were 
exposed to the disease in the large infected pen. A month later they 
were removed with others to a clean pen, after having aj)parently re- 
sisted infection. No. 202 was gradually wasting av/ay and died J uly 
24, more than two months after exposure. In the large intestine were 
cicatrices of healed ulcers and such as were healing; The severest 
lesions were in the lungs. Both were adherent by means of , bands 
to the costal pleura, and were extensively hepatized. No. 205 was 
alive and wen August 15. ; > _ 

Of the second lot, which had received of the sama ciilture, 
the results were nearly the same. Two succumbed to the inocu- 
lation, one died of infection^ and a fourth survived. No. 208 died 
fifteen days after inoculation. Besides the inoculation swellings, en- 
larged and congested spleen, the mucous membrane of the large in- 
testine was covered with extensive deep ulcers and the walls much 
thickened and softened. The corresponding lymphatics inthemesd- 
eolon deep purple. No; 209 died in six days after inoculation, ^ There 
was general congestion and extravasation of blood in the internal 
organs, involving the entire rnucous membrane of the alimentary 
tract, especially the large intestine, the lymphatics and serous mem- 
branes, the spleen and kidneys. Ulceration had not yet begun. In 
both aiiimals the spleen was crowded with bacteria and furnished 
pure Gu,ltures of the specific germ. 

Nos. 206 and 207 were not affected by the inoculation. They were 
exposed with the preceding lot, as indicated in the table. No. 207, 
-after apparently resisting the contagion in the infected pen for a 
monthj died July 18, after having been in a clean pen since June 21. 



BUEEAU 0¥ ANIMAL INDUSTRY. 



651 



Tlie extensive iiecrosis of the m-acons membrane of tlie csecum and 
upper portion of colon, witli tlie absence of any acute inflammation 
elsewiiere, gave evidence of a clironic case of laog-cliolera. No, 200, 
tlrongli still alive, is emaciated. 

Tlie tvv^o remaining check pigs, wliicli were exposed with the pre- 
ceding animals in the same infected pen, both died of hog-cholera. 
No. 211 found dead June 21. The most marked changes were a small 
number of ulcers on a pale miicous membrane scattered over the ca3cum 
and; colon. No. 210 lived a month longer than its mate. The exist- 
ence - of hog-cholera was demonstrated by a general necrosis of the 
mucous membrane of the caecum, and an extensive pigmentation in 
the remainder of the large intestine.: The lungs were adherent in 
places and much congested. 

When we gather together the facts presented by this experiment 
we shall find a certain number of interesting deductions springing 
therefrom. In the first place we note the peculiarity of the intes- 
tinariesions of the two animals which died from some unknown cause, 
presumably not hog-cholera. We next point to an additional dem- 
onstratioiT of the specific nature of the bacterium of hog-cholera, 
for out of eight inoculated four died, and the age of the lesions cor- 
tesponded well with the length of time elapsing between inoculation _ 
and death. 

Thos6 animals which resisted the inoculation were in part protected, 
as two among four were still alive on August 17, and the remaining 
two died, probably from efEeets of the ulceration, months after ex- 
posure. ; - 



Pig No. 



Inoculated April 



Died from in- 
oculation. 



Exposurein in- 
jected pens. 



Removed from 
infected pens. 



Remarks, 



204...... 

SQ5, 



307.. 



309... 
803t.. 

Slot.. 
Silt.. 
S13t.. 



1^ cc. cult, liq . 
; do . . 

....do,... 

..do ......... 

1 cc. cult.liq . . 
....do ......... 

...:do 

....do......... 



April la. . 
Apriig!!! 



May.18. 
May 18. 
Hay 18. 



BlaylS. 



April 17. 
Aprils.. 



May 18., 
May 18., 



June 31 . 



June 31 , 
June SI . 



June 21 . 



Died July 4, 

Alive Aug. 17, 

Alive Aug. 11, but unthrifty, 
Died July 18. 



Died Apr. 11, from some un- 
known disease. 

Died July 21, of hog-cholera. 

Died June 21, of hog-eholera. 

Died Apr. 13^ from same dis- 
ease as No. 203. 



* These animals were one and a half nionths old at date of inoculation. 



t Checks. 



Having determined that even large doses of liquid cultures of the 
baeterium of hog-cholera can be borne without ]3roducing the dis- 
ease in most cases, it was thought advisable to make two inocula- 
tions of strong vii^us/a first one with a small quantity and a second 

with a large t^^uantity, _ " : 

First inoculation, April 21: Nos. 214, 227, 223, and 222 received 
of a third culture in beef infusion containing 1 per cent, each of pep- 
tone and glucose. The liquid was xiiluted with sterile salt solution 
so as to make i^**. It was injected one-half beneath the skin of each 
thigh. 

Second inoculation: After waiting two weeks in order to determine 
whether the inoculation had not produced the disease, a second in- 
jection was practiced May 6, the thirteenth and fourteenth culture 
of the same series being used for this purpose. The animals received 
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■j^cc^^ ^l^cG 2% and 2i^% of tiie culture liquid respectw^ Ko un- 
toward results following tlie injection of these large doses, they were 
transferred to the large infected pen May 25. 

A second lot (Hos. 226, 228, 215, and 229) were treated in precisely 
the same way and at the same time, excepting in receiving ■g-*'^ for. 
the first dose instead of i*"*^. 



Kg No. 


First inocula- 
tion April 21. 


Second inocu- 
lation May 6, 




cc. 

^ i 


cc. 
1 




i 


li 

o 










1 




f 










- * 




i 








225*............... 







Exposure in in- 
fected pen. 



Time of death. 



Days after first 
exposure. 



May 25.., 
MfLy35.. 
May 25.. 
May 25.. 
May 25. . 
May 25. . 
May 25.. 
May 25.. 
May 25.. 
May 25.. 



July 1 . . . 
June 27 . 
July 3 . . 
Julyl .. 
Julys .. 
July 31 . 
July 10 . 
June 27. 
Aug. 4 . . 
June 27 . 



37 

38 
37 
39 
49 



* Checks. -:■ _ \- ' 

No. 214 being in a dying condition July 1, was killed. In the caecum and colon 
were found very large, deep, blackish ulcers upon a pale mucosa. The case was evi- 
dently one of chrome hog-cholera. A pure liquid culture of the hog-cholera bacte- 
rium was obtained from the spleen. ' 

No. 227 died June 27. The lymplmtic glands were deeply congested; the mucosa 
of large intestine was generally pigmented arid covered with large blackish ulcers. 
Small yellowish ulcers were also found in the ileum. The points of injection were 
occupied by encysted, partly liquefied masses. 

No* 223 was found dead July 2. At the points of injection encysted masses were 
fotmd, the contents of one of which were discharging through an opening in the 
skin. The mucosa of the entire large intestine deeply congested. Scattered ulcers 
of varying age and size in the csBcum and colon. Bacterium in spleen. 

No* 222, after a period of unthriftiness, was found dead July 1. The autopsy re- 
veal^ a chronic bronchoTprieumonia j with pleuritic adhesions of right lung. The 
m:ucous membrane of the csecum and colori^ besides being studded with a large num- 
ber of broad shallow ulcers, was deeply and uniformly congested, the congestion 
involving also the lower portion of the ileum. On both thighs an encysted semi- 
liquid mass indicated the seat of the inoculation. This case suggests the probability 
of a double infection, the first represented by the ulceration, the second by the more 
. recent inflammation of the mucous membrane. 

Of the second lot, which had received of the first inoculation, all succumbed to 
the infection. No. 226 died July 3. The characteristic lesion was extensive ulcera- 
tion, together with deep congestion of the mucosa of large intestine. Encysted 
masses at the points of inoculation, A considerable number of bacteria of hog- 
cholera in the spleen. 

No. 228 died July 13. In this animal the mucosa of caecum and colon presented 
a continuous mass of necrosed blackish tissue, the ileo-caecal valve being enlarged 
to twice the nomal size. A few scattered yellowish ulcers in the lower portion of 
the colon. No. 215 died July 10, probably affected in the same way, though no post 
mortem examination was made. 

No. 229 died June 37. In this case the lymphatic glands were in general deeply 
congested ; ecchymoses beneath the serous membranes. Pigmentation of the mu- 
cous membrane of the stomach, duodenum, ileum, arid large intestine from former 
extravasations. Several large ulcers on the valve and some others in colon. Ulcers 
in the cardiac portion of the stomach. Encysted masses at the point of inoculation, 

Nos. 224 and 225 were penned with the above eight animals as checks. No. 225, 
after being sick for a few days, was found dead June 27. The mucosa of the c^cum 
and upper half of the colon is extensively pigmented and ulcerated, the lower half 
deeply congested. The ileum is also ulcerated for 5 or 6 feet from the valve. Many 
of the ulcers are so deep as to have produced inflammation of the serous membrane 
and thickening of the intestinal walls. The other check (No. 224) lived over two 
months after exposure, being unthrifty diu'uig this period. On post mortem the 
mucosa of large intestine was considerably pigmented and scars of healed ulcers 
were present. A large suppurating v/ound of the lower jaw, involving the bone, 
may have contributed towards the fatal issue. 
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^ Tkese inoculations having failed to produce immunity from natural 
infection, a second experiment was tried by augmenting tlie dose of 
strong virus used for the second inoculatiom Thus Ivos. 239, 242, 244, 
and 245 received eaclii'^^ for the first inoculation May 27, No. 243 be- 
ing retained in the same pen as a check. Of these jMo. 239 died of 
hog-cholera as the result of the inoculation. The remaining three, 
received two weeks later, on June 10, 2'=® each of strong virus. The 
cultures were prepared in beef infusion with 1 per cent, peptone. 
They were usually the third or fourth culture, not more than one day 
old. A second lot (1^'os. 240, 254, 255, and 256) were inoculated at the 
same time and in the same way, with this exception, that the second 
dose was increased to 3''*'. Oil June 24 all were placed in the large 
inf ected pen- 
No. 239 died Juno 2, witliin six days after receiving i-^'' of the culture and as a re- 
suit of tiie inoculation. The lesions were those of a very acute case, engorged spleen 
and lymphatics, intense congestion of the mucosa of the large intestine and of the 
intestinal tract in general. The lungs were likewise engorged and dotted with ex- 
travasations. This animal was eating and apparently well on the morning of death. 
The spleen was crowded v/ith the bacterium of hog-cholera, and pure cultures of the 
microbe were obtained from it. 

No. 242 died July 17. The characteristic lesions of hog-cholera were found in it; 
extensive ulceration of the caecum and colon; engorgement of spleen and lymphatic 
glands with blood. Encysted masses at the point of inoculation. No. 224 succumbed 
July 9 with practically the same lesions, besides the presence of a considerable quan- 
tity of serum in the abdominal cavity. 

The check to this lot died July 13. The depth of the ulcerations in the csecum 
and colon had implicated the serous covering, so that adhesions had formed between 
the ctecum and abdominal walls. Punctiform ecchymoses on serosa of ileum; the 
mucosa not affected. The mucosa of crecum was found completely ulcerated, the 
necrosis stopping abruptly at the edge of the valve; in the colon the necrosis re- 
solved itself into large isolated ulcers. 

Of the second lot No. 24G died July 10. At the place of inoculation a firm pale 
yellowish mass about one inch long was found;. The lower portion of ileum j the 
caecum, the upper portion of colon, contained ulcers of different sizes. The duode- 
num was occluded by a clot of blood. No. 254 died the same day with lesions of a 
similar character. No. 255 died July 20. The spleen in this case was greatly aug- 
mented in size and gorged with blood. The right lung was congested and adherent 
to wall of thorax; considerable effusion in this pleural sac. The ceecum and upper 
portion of colon covered with deep blackish ulcers. A few small ulcers in ileum. 



Pig No. 


First inocula- 
tion May 27. 


Second inocu- 
lation June 10. 


Exposure in in- 
fected pen. 


Time of death. 


Days after first 
exposure. 


239 . 


cc. 


cc. 










1- 


2 




Julyir. ......... 


23 
15 


S44 ......... ..... 




2 




July 9..... 






2 














July 13 


19 
16 
16 

- 26 


240 




3 




July 10 


254 ................ 




3 




July 10 


255 ................ 




3 


June 34. ....... . 


July 20 






3 































♦Check. + From inoculation. 



The foregoing experiments demonstrate the important fact that pigs 
Gannot he made insusceptihle to hog-cholera hy snbcntaneons injec- 
tions of pure Giiltiftes of hog-cholera bacteria. This method, which 
was originally suggested and applied by Pasteur to anthrax and 
foi^gei/ therefore fails in this disease. The experiments haye been 
sufficiently varied and extended to leave no doubt as to this point. 
The subcutaneous injection of large as well as small quantities of cult- 
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m^G liqiiid/ either once or twice, left the animal as susceptible to nat- 
ural infectioB as before inoculation^ and in a few cases produced a 
virulent t^^pe of tlie disease. We have already dwelt upon the im- 
portant fact that the disease can be produced by feeding when sab- 
cutaneous inocu-latioh fails. This may also explain the failure of 
protective inooRilation. The disease exerts its severest effects locally 
upon the mucosa of the large intestine, and in only a few cases is it 
a real septicfcBmia. The bacteria have the power of rapid multipli- 
cation within the vascular system only when exceptionally viruleiit. 
Subcutaneous inoculations of cultures, in which they nrnj have be- 
come attenuated, are of little avail, because they are speedily destroyed 
in the connective tissue, leaving only a slight local swelling behind. 
Other lines of investigation must . therefore be f ollovv^ed out before 
any practical results can be obtained. 

HOW CAN HOG-GHOLBEA BE! PREVENTED ? 



The measuresr which must be' adopted to prevent the introduction 
and spread of hog-cholera depend upon our Knowledge of ,the disease 
as it appears in herds, and more especially upon a study of the cause. - 
This we have demonstratedyto be a microscopic plant organism be- 
longing to the class of bacteria, and resembling in a general way those 
organisms which are the cause of infectious diseases among men, 
Gf this disease the only reliable diagnostic lesion is ulceration of the 
large intestine, or the presence of the bacterium in the body of the 
-affected animal, and whatever follows can only apply to the disease 
produced by this specific organism or bacterium. 

It has been shown in this and preceding reports that the disease * 
spreads from one animal to another of the same herd until sometinies 
only a small percentage of unthrifty animals remain. It extends from 
one herd to another, and may be carried long distances. The pres- 
ence of the specific bacterium has been demonstrated in such widely 
different regions as the District of Columbia, Illinois, a-nd Nebraska, 

The fact that one animal takes the disease from another does not 
explain how the virus is transferred. Is it carried directly from one 
to another in the air, or is it deposited in the/soil by one animal to 
be taken up by another? Is it introduce^^ a wound in the 

skin? Is it taken up by the lungs from the inspired air, or is it in- 
troduced with the food and drink? These questions cannot be solved 
by simply observing the disease in herds, hence numerous experi- 
ments detailed in this and the preceding report have been directed 
to a solution of these questions, upon- which some rational rules for 
prevention may be based. 

The disease is perhaps never communicated by injuries of the skin, 
by bites and wounds obtained in other ways. Large quantities of 
liquid containing the virus can be introduced beneath the skin with- 
out fatal results. In the great majority of pigs a local gwelling is the 
onlyeffect. ■ . . : ' 

Whether the lungs serve com:nLorLly as an entrance to the virus 
cannot be definitely stated. AH experimental evidence points the - 
other way, and in a large percentage of cases the lungs are intact, 
while the large intestine is severely ulcerated. We have shown that 
blood and tissue which have been dried for two months may contain 
bacteria , which readily multiply when placed in proper media. H ence 
the dust f rom pens where the disease exists may contain many bacte- 
ria, which, on reaching the lungs, multiply and produce the disease. 
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It is onr intention to continue experiments whicli may throw more 
liglit upon tliis mode of infection. 

P^rliaps the most common source of infection is the food and drink. 
That is, the virus enters the alimentary canal, and there produces 
such extensiYeTLlceration that the animal sooner or later succumbs 
from gradual exhaustion, septic poisoning, or peritonitis. Or the 
virus immediately enters the blood from the intestines, multii)iies in 
ever^^ organ of the body, and causes death in a few days, or even 
hours. Such sudden deaths usually occur at the beginning of severe 
epidemics. Pigs which are fed with the internal organs of those that 
have died of the disease almost invariably take the disease in a very 
severe form, and. die within one or two weeks after infection. To 
demonstrate that it was the specific bacterium of hog-cholera in 
these internah organs, and not some other element, pigs wore fed with 
liquids which contained only this organism, and they produced the 
most severe disease. These demonstrations, together with the com- 
monly observed fact that the disease seems to exist in the large intes- 
tine only, prove conclusively that the virus is introduced largely with 
food and drink. 

It has already been stated that the most common seat of the disease 
is the large intestine. The food after: leaving the stomach passes in 
a liquid condition through the small intestine, so that this never seems 
filled; in fact, its only contents are a coating of semi-liquid matter 
over the mucous membrane. It passes through the small intestine 
quite rapidly, but on reaching the large intestine the undigested re- 
mains become more consistent, because the liquid is reabsorbed, and 
are kept here for some time. The bacteria, if not destroyed by the 
gastric juice, pass quickly through the small intestine, but in the 
large intestine they begin to multiply and attack the mucons mem- 
brane, which they destroy. Hence the feces or discharges of diseased 
pigs, wherever deposited, scatter larger or smaller quantities of the 
virus, which may induce the disease over and over again. The dis- 
charges., then, must be looked upon as the chief vehicle for the virus 
when the disease has taken hold of a herd. Pigs endowed with the 
well-known habits will not hesitate to avail themselves of the oppor- 
tunity of becoming infected whenever it is offered, But the dis- 
charges are 'not the only means by which the virus is disseminated 
and kept alive. We have shown that the bacterium constituting the 
living viriis is a very hardy germ, and one endowed with great pow- 
ers of multiplication. In the laboratory it has grown luxuriantly in 
milk and on boiled potato. It grows slightly in hay infusion, even 
in urine not neutralized. The temperature throughout the summer 
in most of the States is sufficiently elevated to permit the growth of 
the bacterium in these various substances, since a temperature of 70° 
F. is amply sufficient, and temperatures above this point simply favor 
the rate of increase of the quantity of virus. Even in good drinking 
water the virus will increase for four or five days and remain alive 
for months. 

There is consequently very little about a pen in which the virus, 
when scattered in the discharges of infected animals, will not in- 
crease in quantity and form .a .more potent source of infection. It 
will multiply in the wet soil, in the drinking water, and in the semi- 
liquid food A gallon of milk inoculated with a minute portion of 
infectious material and allowed to stand through a warm night in 
midsummer might be sufficient to produce the disease in at least a 
dozen animals if fed to them on an empty stomach. 
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Snch are the external conditiGns wMcli m^ extension of 

liog-cliolera. The condition of the animals themselves is of great 
importance in favoring or preventing infection. When pigs are fed 
with liquids in which the speGific haGterinm only is present^ those 
that have been deprived of food for some ticie previous take the 
disease, while those whose stomachs contain food that is undergoing 
digestion do not take it readily. If , besides starving the animal^ 
they are fed with some alkaline solution by which the alkalinity of 
-the stomach is increased^ the pathogenic effect is still more pro- 
nbunced. An;/ disorder of digestion by which the secretion of gas- 
tric jnice is diminished or checked and the mucus is increased in 
q_uahtity will increase the susceptibility of the animal to inf ectioiij 
because, the alkalinity of the mucous membrane will favor rather 
than destroy the virus. Any; mode of feeding which produces con- 
stipation and overdistension of the l$,rge intestine is likely to favor 
the disease/ as the virus is retained for a longer time. It multiplies 
there and destroys the mucous membrane before it is discharged. 
Keeping these facts in mind, we may formulate a few rules, which 
must be carefully observed if the disease is to be kept in check. 

In the first place, there should be no communication between in- 
fected herds and such as are still free from the disease. The virus 
may be carried in various ways, even on the shoes of persons. A 
small quantity thus introduced may .multiply in the soil and water 
until it becomes a center of infection for many animals. Strejims 
into which sick animals have dropped discharges or in which dead 
ones have lain must be considered as vehicles of the disease for all 
herds below the source of infection. This is especially true in wann 
weather, when the virus multiplies very rapidly a 

When the disease has appeared in a herd, the ground upon which 
the animals lived at the time must be considered as infected, and it 
is much safer to remove all the welt ones to iminf ected grounds than 
to simply remove the sick ones. But ho¥/ are we to know that the 
disease has gained a foothold in the herd ? It is quite common for 
the disease to announce itself by a few sudden deaths. The stricken 
animals may seem well a day, perhaps only a few hours, before 
death. Such animals should always be immediately destroyed by 
"careful deep burial, or by burning, which is much better, for the 
bodies are as a rule crowded with the specific poison of hog-cholera. 
In order to remove any doubts as to the precise nature of the disease, 
it is best to exaraine such animals- before- burying. or 
This should be done in a secluded place which pigs cannot reach, an d 
the ground thoroughly disinf ected, as v/ill be described later. The 
disease in the sudden cases can :be easily recognized; The STjleen is 
as a rule very black and enlarged. Spots of blood from the size of a 
pin's head to a quarter inch or more will be seen in the fat under the 
skin, on the intestines, lungs, heart, and kidneys. The lymphatic 
glands are purplish instead of a pale pink. When the large intes- 
tines are opened they are fou.nd covered mth these dark spots of 
blood more or less uniformly and entirely. Often the contents are 
covered with clotted blood. Any or all of these may be considered 
as signs of the disease in its most virulent form. In these animals 
the virus has penetrated into all of the vital organs, and. they should 
be immediately removed and destroyed. It must be borne in mind 
thatfor any animal to consume portions of these carcasses would be 
'Certain death; that the blood and fluids from these dead bodies eon- 
tain the virus, and when scattered over the soil or thrown into 
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streams they simply distribute the virus, allow it to multiply, and 
all the other animals are thereby put in the way of becoming in- 
fected. • 

In many outbreafcs the early cases do not succu'mb so rapidly. They 
grow weaker, lie down much of the time, eat but little; and usually 
have diarrhea. Most of such cases may linger for weeks, meanwhile 
scattering the poison in the discharges. The disease may be recog- 
nized in these cases as soon as they are observed to act suspiciously, 
and there should be no delay in determining at once the nature of 
the disease* When the animal has been opened the large intestine 
should be carefully slit up and examined, beginning with the blind 
or upper end. There will be seen roundish yellow or blackish spots, 
having an irregular depressed, sometimes elevated, surface. These 
are well shown in the Second Annual Report of this Bureau, p. 246, 
or in the Annual Report of the Department for 1885, p. 522. These 
spots correspond to clead portions of the mucous membrane, and they 
are frequently seen from the outside as soon as the animal is opened* 
Sometimes the membrane has been entirely destroyed. Its appear- 
ance is well shown on Plates I and II of this report. These slow, 
chronic cases are apt to spread the disease in the bowel discharges, 
for in them the virus is chiefly located. 

^ Having determined the existence of the disease, it may not be pos- 
sible to remove the healthy animals to uninfected quarters after the 
sick ones have been taken away. Under such circumstances thorough 
disinfection should be practiced at once. Among a large number of 
substances tried in the laboratory only a few were found to meet the 
requirements of rapidity of action combined with certainty and cheap- 
ness. Carbolic acid seems to be useless, as it is expensive, and a con- 
siderable quantity is required to destroy the germs. Thus experi- 
ments in the laboratory have shown that to kill the virus in liquids 
1 part carbolic acid in 100 parts of water is required, whereas 1 part 
of merctiric chloride in 75,000 parts of water is sufficient. The best 
disinfectant is therefore mercuric chloride, also called mercuric 
bichloride and corrosive sublimate. As it is a violent poison to man 
and animals, it should be very carefully handled. In order to make 
a solution which is strong enough to act rapidly and with certainty, 
1 part of the substance should be dissolved in 1,000 parts of water: 
This is best' accomplished by adding half an ounce to about four gal- 
lons of clear water, preferably rain-water. As a pound of corrosive 
sublimate retails at about 70 cents, the cost of the disinfectant is very 
small. This solution, which should be made in wooden or granite- 
ware vessels at least half a day before use, should be applied by 
means of a broom or brush to the flooring, sides, and covering of 
pens in which diseased animals have staid. AH utensils used about 
the pens, as well as the troughs and other things containing food, 
should be carefully washed with the solution and afterwards rinsed 
thoroughly in pure water. Ten minutes' exposure to the disinfectant 
solution is sufficient for all purposes. As the corrosive sublimate 
solution attacks many metals, iron and tin utensils should be disin- 
fected with boiling water instead of the mercuric chloride solution. 

The bowel discharges should be made innocuous by pouring upon 
them_ corrosive sublimate solution or mixing them with powdered 
chloride of lime. In general it may be stated that whatever has come 
in contact with diseased animals or their discharges should first be 
disinfected before healthy animals are brought in contact with them 
In using the corrosive sublimate solution we must bear in mind that 
42 AG— '86. 
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it is poisonous to animals as well as to man^ and that to get tlie desired 
effect no large quantities need be applied. The surf ace need simply 
be- moistened with it in or^ disinfected; A spray apparatus, 

by means of wMgIl a spray is deposited^ wGuld be most convenient, 
bat such apparatus is expensive; and not readily procnrablo. It is 
always desirable to moisten the bodies of dead animals with the dis- 
infeotant before removing them. Any virus adhenng to the surf ace 
of the body is thereby destroyed and the danger of disseminating it 
avoided. - ; V ; : ^ V 

When the disinfectant is not at hand much can b edone with boil- 
ing water which immediately destroys the virus. Scalding the 
troughs and other articles is perhaps better tlian the use of tlie cor- 
rosive sublimate, especially if they are immersed in the boiling water 
or flooded with it. Some good may be done by se aiding bowel dis- 
charges and the flooring of pens, although bV doing so the virus 
which is not destroyed is carried away by the cooling water, which 
may later on favor its multipliGation. In any case it is best to use 
: for pens the sublimate solution first and then scald them. 

As it is quit© impossible to disinfect the soib with any degree of 
certainty, it is very desirable that in a herd in which the diseage has 
appeared the still healthy animals be transferred to fresh ground and 
kept confined, In this way -the dangers arising from an infected soil 
: are: averted. For a like reason ahimals should be kept from stre 
which have become poUuted, as it is i to disinfect them. 

Hence a dry soily without "stahding po^ls of water, should be chosen 
as long as any suspicion of the disease exists. 
/ Great care shouid be bestowed upon the food, especially that of a 
liquid character, which, when infected, will permit the multiplica- 
tion of the virus and may infect large numbers. Cleanliness in this 
respect is perhaj^js the simplest and most universal rule which can be 
laid down. This simply means that the food should not come in 
Gontaot with the bowel discharges of diseased animals; that it should 
not be allowed to stand for more than a few hours before it is con- 
sumed; a^nd that the troughs u^ should be scalded at 
least twice a day when there -is a siispicion that the virus may be 
among^ the animals. - ' : ^ ^ \_ V : 

It may seem too labori^^^ carry oiit mch 

directions as these. They may: be incompatible with the present 
methods of liog-raising dn many parts of ^ o^^ They are, 

however/ the only means at present av^^ by which the spread 
of the virus may be checked. They prevent the soil from becom- 
ing saturated with it^ and every exertion made towards disinfection 
destroys so much, and continued efforts may finally destroy it al- 
together. Moreover, if the disease does appear while measures of 
I)revention are being carried out, it is not so apt to become very de- 
structive, for the severity of the disease depends, as a rule, upoii the 
quantity of virus taken into the system. If this is allqwed to accu- 
nmlate on all sides, much will find its way into the stomach and in- 
testines and cause the most severe disease, > ; 

We do not know whether the virus can live in the soil through the 
winter, but it seems highly probable. Hence thorough disinfection 
practiced will lessen the chances for a reappearance of the disease in 
the following year . ; : - v 

The investigations in regard to vaccination as a means of preven- 
tion have not yet led to any results which can be practically utilized, 
and therefore are still being carried on. The ordinary methods of 
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attenwaticp., as practiced by Pasteur in obtaining a yaccinal virus f or 
aiithrax and rot^geij are inapplicable in this peenliar disease, for the 
nnattennated viras itself is incapable of conferring immtinity. The 
experiments demonstrating this fact are found on another page. 
Hence any attenuated virus is still less capable of accomplishing this 
■■ end.- 

The use,of certain medicines internally to act as preventives may 
prove of some value, and it is our purpose to carry out some experi- 
ments in this direction as well. 

The treatment of this disease, as of the great majority of infectious 
diseases^ after it has gained a firm hold upon the animal, is not only 
useless but dangerous; for the animal can only serve to spread the 
disease. The tilcerations produced in the large intestines can only 
heal slowly if they are not too extensive^ while medicines are of no 
avail. Those who insist upon a cure for welhpronounced cases of 
hog-cholera, in^whieh the bowels have become ulcerated, should 
look upon the disease of typhoid fever in man, in which ulceration 
also occurs. Through centuries the best physicians have been treat- 
ing this disease, yet none has ever ventured to assert that he had a 
cure for these ulcerations/ They take the best ca^re of the patient 
and allow nature to heal the ulcers. Even then they frequently find 
their patient snatched away at the very threshold of recovery, 

PEELIMINARY mVESTIGATIONS CONCEHNING MEC- 

TiouS:PiQ2nMONiA. -m.swm (swine^plague). . 

In prosecuting investigations in the West in order to determine 
whether the disease which has been described in these reports as 
hog-cholera existed there also, the lesions characteristic of this dis- 
ease and the specific bacterium were found in Illinois and JSTebraska. 
At the same time another microbe was found, resembling in its mi- 
croscopical characters the microbe of rabbit septicemia very closely, 
and associated with disease of the lungs'— a chronic pneumonia— in 
the few cases which were examined. Although the investigations 
concerning the nature of this microbe^ its distribution, and the losses 
it produces, are scarcely begun, we venture the conclusion that it pro- 
duces an infeGtious pneumonia in pigs, and that its effect may perhaps 
be spent upon organs other than the lungs. This conclusion, is based 
upon the facts recorded in the following pages. ■ 

Among ih:e po&t mortem examinations made in the State of Illi- 
nois in July, 1886^ the •following are worthy of attention: ; 

In Marion County, a few miles from Patoka^ a herd was f oundj July 7^ of which 
about ten had died and an equal number were atill alive. Through the kindness of 
the owner several pigs, which were evidently diseased, were killed by a blow on the 
head. In No. 1 the superficial inguinals were greatly enlarged; eochymoses were 
found in the subcutaneous fatty tissue in large numbers on the omentum and the 
epicardium. The lymphatic glands were as a rule enlarged and purplish^ the spleen 
augmented in size, the major portion of the lungs hepatized, and the remainder in- 
tergpersed with hemorrhagic fool. The mucous membrane of the stomach and the 
large intestine w-as eochymosed, that of the latter presenting here and there deep 
ulcersj especially on the ileo-ceeeal valve- Cover-glass preparations from the spleen 
of this case contained no bacteria of any kind. A tube of gelatine into whicli^a bit 
of spleen had been dropped remained sterile. No. 3, from the same herd, also kilied 
at the time, was affected with a suppurative pyelitis of the right kidney, causing 
inflammatory adhesions of the large mteBtine. The mucous membrane of the latter 
was dotted with innumerable petechiee and a few ulcers. Cover-glass preparations 

*We Bliall call this disease swine m distinction from hog-cliplera/iust 

described. See introductory remarks to Diseases of Swine, p. 603, 
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from the spleen of this animal were equally negative . A tube of gelatiite into whicE 
a bit of spleen tissue was dropped began to liquefy Yery slowly. It coAtained a ba- 
eillus and a large OTal coccus. 

No. 3, from the same herd, killed, had its lymphatic glands generally enlarged and 
purplish , the spleen dotted with numerous blood-red elevated points, lungs with large 
carnified areas. The mucous membrane of the large intestine was merely congested. 

bacteria seen in cover-glass preparations of the spleen, and a. gelatine culture 
made as bef ore remained sterile. 

Several miles east of Champaign, 111. , the disease was appearing in a herd, the 
owner of which very kindly permitted us to make what examinations we thought 
advisable. On July's two autopsies were made. In No. 4, dead since last night, 
the lymphatic glands generally were enlarged and purplish. The subcutaneous fatty 
tissue stained yellow. The peritoneal and pericardial cavity contained a considera- 
ble amoiint of yellow serum. The only other marked lesion observed was an enor- 
mous enlargement of the spleen, which was very dark and pulpy. The mucous 
membrane of the alimentary canal apparently intact. These lesions did not point ; 
to hog-cholera. Cover-glass preparations of the spleen were negative. A piece 
dropped into a tube of gelatine slowly liquefied the latter. A bacillus was found in 
it, not pathogenic. 

A pig (No. 5) which was observed to be very weak, although able to move about 
w hen distm'bed, was killed for further information. In the subcuta.neous tissue over 
the abdomen were numerous ecchymoses.- The inguinal glands were greatly en- 
larged, cortex purplish, some lobules deeply congested throughout. The abdominal 
cavity contained a small quantity of colorless semm; the spleen considerably tume- 
fied and covered with blood-red raised points. The lymphatic glands about the 
stomach, as well as the bronchials, were deeply congested, the cortex infiltrated with 
blood. The epicardium was dotted over its entire surface with minute extravasa- 
tions. The mucous membrane in the fundus of the stomach and of the entire length 
of the large intestine covered with closely-set extravasations. Cover-glass prepara- 
tions, as weU as cultures of the spleen, were entirely negative. 
■/Reports of swine-plague from Geneseo, Henry County, made it advisable to make 
a'few jpos^ mortem examinations in this section of the State, in order to make sure 
of the nature of the disease. The losses were very heavy, involving in many places 
the greater part of the affected herd. July 11 several autopsies were made in a herd 
about 3 miles from Greneseo. In tliis herd the disease had been observed about nine 
days bef or<J, At the time three or four large animals had died during the night and 
a number of others were ill. 

^ No. 6.— Adult black male, in good condition, no signs of decomposition. In the 
peritoneal cavity there were ecchymoses beneath the peritoneum of the dorsal wall, 
near the caudal end of the kidneys, at least an inch in diameter. The spleen was 
enlarged and congested. Whitish patches showing through the serosa of the large 
intestine were afterwards found to correspond with ulcerations of the mucous 
membrane. The lymphatic glands in general with congested cortex. The left lung 
completeiy solidified, blackish^ and everywhere adherent to chest wall. On forc- 
ing the ribs apart the lung tissue broke as a watermelon would; from the broken 
surface a blackish frothy liquid exuded. A portion of the right lung was in the 
&ame condition. A fibrinous deposit oh the epicardium indicative of pericarditis. 
In the alimentary tract the mucous membrane of the fundus of the stomach is 
darkened with extravasations on the ridges of the folds. In the large intestine the 
mucous membrane is completely covered with punctiform extravasations, in part 
■converted into pigment. In the caecum and colon are isolated disk-shaped ulcers 
about one-half inch in diameter, slightly elevated. The center is dark, surrounded 
by a broad yellowish margin, giving the whole a button-like appearance. On sec- 
tion a whitish tough tissue is found to make up the ulcer and extend to the peri- 
toneum, where it appears as a whitish patch when viewed from the serous surface. 
Cover-glass preparations of the spleen negative. Two portions dropped into a tube 
of gelatine and agar-agar respectively gave rise to cultures which will be described 
n detail farther on. 

No. 7.— A small shoat, having shown signs of disease for a few days, was killed by 
a blow on the head. The superficial inguinal glands were enlarged and reddened. 
Both kidneys dotted on the surface with minute petechise. On section a few are 
found in medullary portion. The spleen is dotted with a few blood-red elevated 
points. Cover-glass preparations of the si^leen negative. Cultures remain sterile. 

No. 8.--Liarge black sow; dietl last night. Adipose abundant. In this animal the 
spleen was enlarged, the medullary portion of kidneys deeply reddened, lungs nor- 
mal. The mucosa of the large intestine was entirely covered with minute elongated 
spots of pigment, representing former extravasations. Cover-glass preparations of 
spleen also negative. Agelatine tube containing a portion of spleen contained a 
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micrococcus. Bits of the spleen introduced beneatli the skin of the dorsum of two 
mice made them ill for a few da^ys. Both finrJiy recovered. 

Besides the cultures mentioned in the autopsy notes at least ten others v/ere made 
at the time by piercing the spleens with a platinum wire and then piercing with it 
tubes of gelatine or drawing it over the surface of tubes of agar-agar. None of these 
showed any signs of growth, thus confirming the supposition, derived from the exam- 
ination of cover-glass preparations J that the specific microbes are either entirely ab- 
sent from the spleen or else are present in very small numbers. 

The lesions foTind in; all in whicli tlie ulceration of 

tlie large intestine was present, were not sufficiently nniform to war- 
rant the diagnosis of hog-cholera. Viewed by the light of later oh- 
seryations, it seems highly prohahle that the remainder of the ani- 
mals were affected with a different malady, due to the presence of the 
microbe to be described later on. The ecchymosis of the large intes- 
tine and the congestion and tumefaction of the lymphatics generally 
differed from the lesions which we have found in hog-cholera. The 
absence of bacteria from the tissues is also suspicious. There was 
moreover a partial cirrhosis of the liver in most of the animals exam- 
ined which we have never encountered in hog-cholera. . We .must, 
remember, however, that of these eight cases five were killed, per- 
haps in the early stages of the disease, before the lesions were well 
marked. Leaving these observations for future interpretation, when 
more cases have been examined we will proceed to a description of 
the bacferiological investigations. 

In; a few among a large number of tubes bacteria were present. 
Nearly ail were found harmless when inoculated into animals very 
susceptive to hog-cholera. ^^^ I^^^ inoculated with bits of 

spleen from No. 6 two microbes were found which deserve attention. 

One grew in both tubes, which was more carefully examined, because it resembled 
the bacterium of hog-cholera very closely. In liquid media it is actively motile 
and simulates the form of a bacillus. When stained, however, each individual is, 
resolved into a pair of ovals or very short rods with rounded extremities. A deeply 
stained narrow border, surrounds a comparatively pale body. There seems to be 
slightly more stained material at the two extremities than in the bacterium already 
fully described ia the last report. . It seems a trifie longer than the latter form, but 
on attempting to confirm this impression by measurement the dimensions were 
found practically the same. Sown on gelatine plates the colonics appear within 
twenty-four hours and grow quite rapidly. The deep colonies are spherical, with 
smooth outline and homogeneous disc. The surface" colonies appear as irregTilar 
patches, spreading very quickly, and, as a rule, growing far more vigorously than 
the deep colonies. In tubes containing nutrient gelatine the isolated colonies iii the 
depth of the needle track may grow to the size of pins' heads. On the surface a flat, 
thin, pearly layer rapidly extends from the point of inoculation, and in from one to 
two weeks may have covered the entire surf ace. T'he margins are irregularly scal- 
loped and lobed, the entire layer often simulating the frost flowers on windows or 
lace work (Plate V, Fig. 2). On potato, a thick straw-colored shming layer of nearly 
smooth surface forms, which grows very vigorously and gradually covers the entire 
cut surface of the potato with a layer 2'^^'^i -thick. This growth is brighter in color 
and more abundant than appears in the i:)otato culture of the bacterium of hog- 
cholera. Cultivated dn liquids, such as beef infusion with T per cent, peptone, the 
medium becomes very turbid within twenty-four hours. A thin pellicle appears, 
which soon becomes a thick membrane. A crearn-colored deposit forms and accumu- 
lates to a considerable extent, while the liquid remains turbid. It will be remem- 
berM that the bacterium of hog-cholera grows very feebly in com]3arieon. 

No resistant spore state was found, for tubes exposed to 58° C. for fifteen minutes 
remained sterile; thojse exposed ten minutes became turbid. The pale, unstained 
central portion of the bacterium simulates very strikingly the appearance of an en- 
dogenous spore, yet they all succumb to the temperature of 58° C, as described. A 
peculiar property not common to the hog-cholera bacteria described is the coagu- 
lation of the casein of milk. If a tube of this liquid, sterilized by discontinuous 
boiling, be inoculated, it will be solidified within twenty-four hours. The coagulum, 
contracting later on, leaves a shallow stratum of watery liquid near the surface. 
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: The reactioii is acid. Grown on gelatine a Ta;&©r penetrating odor of deooiBposing 
ilesli is given off. Tlie bacterium of hog-cholera deYelopa no odor whateTer in 
Gultnres. This microbe, therefore, resembled the bacterlam of hog-colera verj 
closely ill its microBoopio charax3ters, biiMiff ©red from in pome of its pbysiological 
proporties. This illustrates how important cultiTfation oxperiments are in the deter- 
mination of speciiio differenGes, That it wp^s not the bacterium of hog-eholera was 
ghown by an litter want of pathogenic properties when inoculated into mieeand 
rabbits. Pigs were inoculated and fed; culture^ were introduced per reotum without 
^ny effect whatever. 

In X)ii0 of tlie tubes the motile baeteritim just described was mixed 
with, another microbe, which proved to be a very viriilent germ. It 
was obtained pure as follows: A rabbit inoGulated with the mixture 
from a liquid culture made from the original gelatine tube died in 
seven clays^ after showing signs of lameness for several days. The 
_ inoculated thigh was enlarged, the skin bluish. The subcutaneous 
xionneotive tissue was of a leathery consistency. The surface of th& 
muscular tissue on the inner aspect of the thigh was of a uniform 
yellowish gray ; this change extended into the muscular tissue to the 
depth of (one-eighth inch) ; the striated appearance was lost. 
This change also involved the deeper intermuscular septa of the thigh. 
On the abdomen the subcutis was infiltrated with a :blood-stained 
serum. The local effect had thus been unusually severe. Cultures 
from the spleen, liver, and blood in gelatine tubes contained only 
the second microbe. The one above described had no power of in- 
vading the tissues of the rabit. That the microbe obtained from the 
tissuaof this rabbit was pathogenic the following experiments clearly 
demonstrate: : : - 

With pure liquid cultures of this microbe three mice were inocu- 
lated. Two of these died within one and two days of inoculation. 
In the spleen of both peculiar torula-like forms were found;, presum- 
ably the cocci in process of division, which was retarded by unfavor- 
jable conditions. Its effect upon a rabbit, however, was more pro- 
: nounced. This rabbit died three days after a hypodermic injection 
' of i*'^ of a liquid culture. Beneath the skin of the inoculated thigh 
there was a translucent gelatinous exudate about one-half ^ inch, 
thick. The muscles of the thigh and of the contiguous wall of 
the abdomen were dotted with closely set punctif orm and larger- ex- 
travasations. Inthe abdomen they were very numerous on the large 
intestine along a zone nearest the abdominal wall. They were also 
found over the kidney and on the psoas muscle. Spleen not enlarged, 
_ dark- liver rather pale; acini well marked; the entire right lung and- 
base; of the left deeply congested; very few bacteria in the internal 
organs. Two liquid cultures of blood and one from liver contained 
the injected microbes. Gelatine cultures of blood, spleen, and liver 
developed into mimerous colonies of the same microbe in the needle 
track. - - - 

" Two pigs (Nos. 287 and 389) were inoculated September II from a 
culture of the i*abbit. Each received beneath the skin of the thigh 
Si*'^ of the culture liquid. No. 287 became dull and lost its appetite 
several days later; eyes discharging, September 38 the animal be- 
came delirious and ran blindly about the pen; dead next morning. 
The only observable lesions were local swellings two inchf^- across and 
one-fourth to three-fourths inch thick, with centers which were be- 
ginning' to soften. Blood very dark, not coagulated; a few petechise 



kidney deeply reddened, No. 289 died September 21, after exhibiting 
the game symptoms; local swelUnga as above, without indioations of 




►ale, sclerosed; the medulla of 
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softemng; tM connectiYe tissue and fat of tlie whole body of a deep 
yellow color; liyer yery firm, of a peculiar yellowish, 

red color thraughout; medulla of kidxieys deeply reddeiied; two large 
cysts; in the right ane. In neither ckge was the aliraentary tract dis- 
eased; Jb. hoth there was cirrhosis of the liver, producing in the 
second animal a geiieral jaundice. Prom neither were cultures of 
the inoculated microbe successful, though blood from the heart, the 
spleen, and the liver were used. The tubes remained sterile. 

Fos. 288 and 290, which had been retained in the same pen, did not 
contract the disease from the others, as would ordinarily happen in 
hog-cholera. Fo. 288 was fed with hog-cholera viscera October 12, 
and died from the etfects December 4.; c^cum and colon ulcei-ated. 
Ko. 290, fed at the same time, died October 28, the only visible ■cause 
of death being retention of urine. 

This microbe was, therefore, fatal to mice, rabbits and pigs, pro- 
ducing in the pig an acute inflammation of the liver, leading to a 
marked cirrhosis and general jaundice. 

The same disease found J/Z,— The same microbe 

was obtained from an outbreak in Sodorus, 111., several months 
later. On page 630 a description ijs given of two post mortems, in 
one of which (Fo, 1) the lesions were ulceration of the large intestine 
and a grayish hepatiziation: of the lungs. From this animal the bac- 
terium of hog-cholera had been obtained from the spleen. In the 
other animal (No. 2) the lung lesions only were present. Portions 
of the solidified lung tissue from No. 2, hardened in strong alcohol, 
w:ere submitted to a microscopic examination. The tissue was infil- 
trated with paraffine, the sections treated with turpentine to remove 
the imbedding substance, and then stained in various ways. The 
smaller bronchi and air-cells were completely filled with an exudate, 
consistmg of white blood corpuscles chiefly, and some larger pale 
cells, probably derived from the epithelium. This infiltration was 
. exceedingly dense in many places; in others less so. The septa or 
alveolar walls were not perceptibly affected, but the capillaries were 
distended with blood corpuscles, and formed an unstained mesh- work 
around the deeply stained alveolar contents. The interlobular con- 
nective tissue was also infiltrated,;and the lymphatic spaces distended 
and filled with a fibrillar network of coagulated lymph. When the 
alveolar contents were carefully examined with a one-eighteenth 
homogeneous objective, after staining the section in Loffler^s alkaline 
itrethylene blue for several hours and decolorizing in one-half per cent, 
acetic acid, groups of very minute oval bacteria were recognizable, in 
Bise and outline like those obtained in cultures from the pleura. These 
groups were very large and extended through the depth of the section, 
a fact easily recognized by focusing u.p and down. They were found 
111 all parts of the section, the bacteria themselves and the groups 
tliey formed bemg readily recognizable, No other bacteria could be 
debeoted, though the sections were searched over many times. Stain- 
ing m aniline water methyl violet overnight did not bring these 
groups out so clearly as the stain above gi ven. These eroups, more- 
over, were present in those air-cells chiefly in which the exudate v/as 
Dut moderately dense. 

_ The lesions of the lungs foimd in both pigs at Sodorus, III , were 
difterent from those occasionally found in post mortem examinations 
ot hog^cholera at the Washington Experimental Station, In the 
latter the acute cases, characterized by hemorrhagic lesions in various 
organs, usually presented lungs which were dotted with dark red 
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patelies visible on tlie pleural surf aces and in tlie pareneliyma. These 
were evidently extravasations into the alveoli, and etioiogicaJly the 
same as the extravasations f Gund elsewhere. In the ma j ority of cases 
lung lesions were entirely absent. When present they were usually 
associated with an abundance of lung worms in the bronclii. In 
many cases the small anterior lobes resting laterally upon the peri- 
ear diumweTe collapsed (atelectasis), of the color of red flesh. This 
condition seems to stand in no dii^ect relation to the disease itself. 

The broncho-pneumonia found, in the pigs above referred to ex^ 
tended over at least one-half of the lungs, invdlving the cau.dal por- 
tion of the base, resting on the diaphragm. The pleura was but 
slightly affected; a few adhesions and a more than normal quantity 
of serum on its surface constituted the visible changes. The lung 
tissu:e itself was airless, solid, of a grayish red, somewhat mottled. 
From the pleural surface of N"o. 2 two tubes of gelatine were inocu- 
lated by dipping into them a loop of platinum wire tilled with serous 
exudate/ The heat of the weather liquefied both tubes soon after^ 
and within a few days the gelatine in one of them was densely 
crowded with small whitish points;, in the other tube the colonies 
were fewer in number and consequently much larger. Both were, 
in. fact, pure cultures of a non-mptile oval bacterium, found identical 
in all respects with the microbe oTbtained from Geneseo, 111., and 
already described. 

Postponing the description of this microbe for the present, tha fol- 
lowing experiments were made in order to determine its pathogenic 
effect upon small animals: 

From one of the original tube cultures in gelatine, plate cultures were made, and 
from one of the colonies a tube containing lO^'^ beef -infusion peptone was inoculated. 
"When two days did the following animals received subcutaneously portions of this 
culture: Two mice, i*^SiV^; two rabbits,i«%i<=*; two pigeons, i^M'^^; two pigs,;4.5^%.8^^ 
One of the mice was dead on the following day. In the spleen and liver were present 
oval bacteria and some quite long rods. The liquid culture from the blood remained 
sterile. The second mouse died in two days. A peculiar bacterium was present in 
spleen, liver, and blood, often irregularly fusiform and pyriform; most were cocciin 
pairs. A liquid culture from the blood of the heart contained the inoculated microbe 
only, and the identity of this germ with the one injected was confirmed by plate - 
cultures, _- / ; ■ ■ - ; - : . 

Both inoculated pigeons died, orte two days and the other four days after inocula- 
tion. In the former the pectoral muscle at the point of inoculation had a grayish- 
yellow parboiled appearance over an area of 1 to 1^ square inches and extending to a 
dejjth of three-eighth inchs. In the second bird, which had received the larger dose, 
the local lesion was less marked. A thick pasty deposit had formed between the 
skin and muscle, slightly infiltrating the surface of the latter. No bacteria could 
be detected on cover-glass preparations in the blood or liver of either bird. 

Both rabbits Hkewise succumbed, one four and the other five days after inocula- 
tion. The autopsies point out the radical differences between the hog-cholera bac- 
terium and the coccus under consideration. Before death both animals lay on their 
sides, breathing slowly. In the one which died first (which had received the smaller 
dose) the inoculated thigh was enlarged and drawn up to the body, the fascia cover- 
ing the muscles of the thigh and the contiguous abdominal wall were thickened into 
whitish Opaque sheets; a small area of the thigh muscles was whitish, necrosed. In 
the abdominal cavity strings and flakesofcaagulated fibrin in various parts, together 
with the reddened appearance of the peritoneum, indicated a severe peritonitis; the 
liver was dark, blood flowing freely on section; spleen scarcely enlarged. Beneath 
the serosa of large intestine a few patches of extravasation; kidneys deeply reddened 
to the tip of the papilla; lungs normal. The microbe was very abundant m the local 
infiltration, the peritoneal exudate, in the parenchyma of spleen, liver, and kidneys, 
as well as in blood from the heart. In these cover-glass preparations involution 
forms were very conimon. Liquid cultures from blood of the heart and the peri- 
toheai exudate contained the microbe as it usually appears in liquids. Tube cultures 
in gelatine from the blood, peritonal esnidate^and liver contained verymaiiy colonies, 
growing m a somewibat ooar&ctefigtio maim^^ to b© deio^bed inter on. 
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In the other rabbit the local effect was equally extensive, and there was a more 
marked grayish discoloration of the thigh and contiguous abdominal muscles. Peri- 
tonitis less marked ; no coagula present. The bacteria not so numerous in the organs, 
but very abundant in the peritoneal cavitj^ Liquid cultures from the latter and 
from blood were pure* Gelatine tubes, cultures from the liver and spleen, contained 
many colonies. 

Rabbits, mice, and pigeons were tlius shown susceptible when in- 
ocnlated with the qnantities above mentioned. Two rabbits were at 
the same time inoculated with large qnantities of two other microbes 
obtained from spleens. Both remained unaffected. In One a small _ 
circumscribed abscess could be seen through the skin. 
; Of the two pigs inoculated (ISTos. 330 and 331), No. 330, which had 
received the larger dose {5^^) died in nine days, after exhibiting the 
same symptoms as those manifested by the two former cases— debil- 
ity, loss of appetite, inflamed eyes. In this animal there was a sim- 
ilar condition of the liver, together with a deep yellow staining of 
the connective and adipose tissue generally. Cultures negative. 
No. 331 died thirty-five days after inoculation. In this animal there 
was a less pronounced pathological change in the liver. Icterus pres- 
ent. No cultures were made. 

In order to confirm and extend the preceding inoculation experiments a second 
series was planned in the same way. A beef infusion peptone culture, which had 
been derived from a single colony of the microbe on a gelatine plate and was twenty- 
four hours old, was used to inoculate of mice, pigeons, fowls, and white rats 2 each, 
1 guinea-pig, and rabbit. The mice, which received iV*^ beneath the skin of the 
back, died in two and six days respectively. In the first one the spleen and blood 
were crowded with bacteria, and a liquid culture from the blood proved pure. From 
the second mouse no cultures were made; bacteria few or absent from the organs. 
Of the 2 pigeons, 1 inoculated with was dead next day. At the place of inoculation 
in the pectoral the muscular tissue was whitish, parboiled for a depth of one-fourth to 
one-half inch ; cultures from blood and liver sterile. The other pigeon , which received 
survived . The white rats, receiving respectively and subcutaneously in the 
thigh, did not prove susceptible. The rabbit, which received in the same place, 
died in three days, after showing symptoms like those in the preceding experiment. 
Locally the lesions were the same; thickening of the fascia more pronounced; lar- 
daceous appearance of the surface of the muscular tissue; punctiform extravasa- 
tions both on abdomen and on thigh as far as symphysis pubis. In the abdominal 
cavity the serous surface of the entire intestine appeared as if sprayed with blood, 
the extravasation being beneath the serosa and not visible from the mucous surf ace. 
Small intestine but faintly reddened; only a fe^v delicate fibrils of exudation as yet 
visible; a few extravasations on capsule of kidney, which is deeply reddened through- . 
out; spleen and lungs normal; liver invaded hj coccidium oviforme. Cover-glass 
preparations of spleen, liver, and peritoneum contain the microbes in abundance; 
in the peritoneal exudate they seem as numerous as in a hquid culture. Cultures 
both in beef infusion and in gelatine from the blood and peritoneal fluid were pure. 

The guinea-pig, which had received into the thigh a rather large dose, suc- 
cumbed on the sixth day. At the point of inoculation there is but a slight infiltra- 
tion and thickening of the subcutaneous connective tissue. In the abdomen, both 
spleen and liver somewhat enlarged. Covering these a thin, translucent, gelatinous 
layer , easily scraped away , and particularly well marked on the liver. Lungs deej^ly 
congested, not collapsed, bnt showing the impression of the ribs. The pleura cov- 
ered with a similar exudate. The internal organs contained scarcely any bacteria, 
but coyer-giassee touched to the surface of lungs and liver showed the exudate, 
consisting chiefly of leucocytes, to contain large numbers of the injected bacteria. 
Gelatine cultures of blood and from the liver, a liquid culture from the blood, were 
pure. A liquid culture from the peritoneal surface of spleen contained also a mo- 
tile bacillus. The contact of this organ with the very thin-walled large intestine 
may explain the contamination. 

Of two fowls inoculated beneath the skin of the pectoral v/ith ^^''^ and respect- 
ively, the one which received the smaller dose died in five days. In this bird the 
locah lesion was very extensive. On removing the thickened, discolored skin the 
largepectoral was parboiled in appearance throughout half its mass; the remainder 
of me muscle studded with small extravasations. The pathological changes in- 
volved also th© smaller pectoral in points and patchesi extending through one of 
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the fenestra of the sternum to the membrane smTounding the coils of intestine. 
The sermii between the two muscles crowded with the injected bacteria. \Tlie mu- 
coBa of the intestiiie below the duodenal poi'tion, including the cEeca and the rectum, 
was very nmch infiamed. The caeca and the cloacal portion of rectum of a very 
dark red. There were also occasional hemorrhages beneath the an^ The bac- 

teria seem to be confnied to the locallesion.; for cultures from the blood and liver 
remained sterile. The second fowl remained ill, sitting quietly and not moving 
unless disturbed. It was killed ni The local lesion pre- 

sented tiie appearance of a more advanced degeneration, but was more cirorim- 
scribedv ^nid limited in its depth to the larger pectoral. The intestines and other 
organs were free from inflarmnation. Cultures from this bird remained ateriie. 

In order to determine whether there w^ould be any diflGrence in the mortality or 
the lesions, anotlier mode of inooulation was resorted to. Instead of employing 
liquid cultures and injecting into the subcutaneous tissue with the hypodermic sy- 
ringe, a gelatine culture nine days old was used and the inoculation made as follcAN sr 
In three mice an incision was m*ade through the skin at the root of the tail, and into 
the subcutis througli this incision a loop of the gelatine Culture, consisting of a. mixt- 
ure of gelatine and microbes,; was introduced. With the same amount two guinea- 
pigs w^ere inoculated beneath the skin of the abdomen, two pigeons and one fowl 
beneath the skin covering one of the pecfcorala, and one rabbit on the inner surf ace 
of the ear, near the tip, by puncturing the skin with the point of a lancet and in- 
serting the mass into wound .thus made. Of the^e ajiimals the two guinea-pigs, the 
rabbit, and two mice died. The pigeons and fowrremained miaffected. 

The mice died three and four days after fnoculatioxi rGspectively, One gumea-pig 
died in five days.; The subcutis of the ventral surface of body from neck to i)ubis 
was infdtrated with a sero-sanguineous effusion and thickened, the skin itself infil- 
ti'ated. There was but little change in the internal organs excepting the liver, which 
was pale and very friable. No exudate indicative of peritonitis, although a cover-- 
glass touched to the surface, of the liver contained very many bacteria, which were 
few^ in number in liver tissue and hlood iroia the hearts The second guinea-pig died 
on the eighth day with the same but less extensive local lesions, parenchymatous 
degeneration of liver and spleen. The rabbit's ear had a deep red blush on the day. 
after inoculation; enlarged slightly and drooping backward, There were no marked 
symptorns of disease at any time. The animal died on the ninth day. There was 
an extensive inflammatory infiltration of the subcutaneous tissue and fascia over 
the sides of head, extending to the top, involving the veaatral aspect of neck and ex- 
tending to shoulders laterally. The subjacent muscular tissue was considerably 
ecchymosed, Peritoneal exudate absent. Degeneration of liver and spleen. Bac- 
teria OTmerous in the , local infiltration, very' few in blood arid orgaiis. A liquid 
culture from heart's blood was found pure. : 

Theee results place fowls and pigeons upon the border line of susceptibility; that 
is, these animals may be destroyed by large doses,:but;are not affected by small ones. 
They also put rabbits, guinea-pigs, and mice among the susceptible animals, the first 
named being the most susceptible. In every case the inoculation seems to produce 
looal lesionsy the extent and severity of which seem to stand in- an inverse relation 
tothenumber of bacteria found in the bldod and the internal organs, and in a direct - 
iMelation to the duration of the disease. - " 

Tlie foregoingviiiociilations were^^m ciiltnres deriyed./from 

tlie pleural exudate of pig No. 2 (Sodoros;, 111. ) , TI16 same germ was 
isolated from tlie splee 

Three tubes of gelatine, into which bits of spleen had been put, began to liquefy. 
(It will be remembered that the spleen %va,s enormously enlarged and softened,) One 
of these contained only a large bacillus, another the same baciilus and a microbe 
resembling the one under consideratioh; By means of plate cuteres these were 

Beparated and a pure culture of this microbe obtained. By introducing beneath the 
skin of twd mice bits of the spleen containuig the two forms a pure culture of the 
same microbe was obtained from one of the mice which died three days after inocu- 
lation. Two mice, inoculated with bits of spleen from the culture^ c 
liquefying baciUus only j remained unaffected. From a vacrmm Cabe of blood t^tken 
directly from the heart of the same animal pure cultures of the same microbe wem 
obtained. - 

ffrom pig No. 1 (Sodorus) tyv;o pipettes were fiHed wit ob- 
tained wit£ eTery precaution directly from tHe heart; One of tliese 
tubes, opened three weeks later/ was used to inoculate a liquid cult- 
ure, wnioliproYed^ when tested on gelatine plates, a pure culture of 
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tlie eaiue miorohe obtained from tie plenra/tlie spleen j and the blood 
of pig No. 2 of the same herd. In the other tube the bacterium of 
hog-cholera "was found.: - It toU be -remembered that pig No, 1 had 
in.additxon to the ulcerations of the caecum and colon^ partial hepa- 
timtion of both lungs, while ]!^d, 2 had merely the lung lesions. 
About a month later a liquid culture, made from a gelatine-tube cult- 
ure of this blood, v^^as used to inoculate a rabbit, only being 
injected subcutaneously into the thigh. The animal was found dead 
on the third day. The lesions were nearly identical with those ob- 
served previously after inoculation with thiB microbe— local thicken- 
ing of the fascia, hemorrhagic markings of the mnscular tissue, with 
superficial degeneration at the point of inoculation, ecchymoses on 
the contiguous abdominal walls, peritonitis indicated by a few 
stringy deposits on liver, as well as more than the normal quantity 



a large number of the injected cocci, which, stained in alkaline 
methylene blue, showed the polar stain very clearly. A cover-glass 
touched to the serous surface of the large intestine contained immense 
numbers of the same germ. Gelatine tube cultures of liver and 
heart's blood grew in the characteristic manner. From the blood 
culture a second rabbit was inoculated, as follows: The hair was 
clipped from the inner aspect of the thigh, which was washed with 
.1 per cent, solution of mercuric chloride. With a flamed lancet a 
little pocket was formed beneath the skin, into v/hich a small quan- 
tity from the gelatine culture was introduced on a platinum loop. 
The animal sat quietly in the coop, eating but little, and breathing 
slowly for some days before death, which occurred ten days after 
inoculation. 

Slight enlargeiiient of the inoculated thigh. Subcutaneous tissue over the inner 
and caudal aspects of the thigh, on the abdomen beyond umbiUcus, greatly thick- 
ened by inflammatory infiltratipn, which is of a soft, pasty consistency, grayish 
white. ^ It ie closely adherent to skin, but not to muscular tissue on abdomen, from 
wMoh it may b© easily removed. The muscular tissue beneath is dotted with punc- 
tiform extravasations. On the caudal aspect of the thigh the infiltration is ofosely 
adherent to muscular tissue as far as the pubis, involvmg the superficial muscular 
fibers, wliicii are whitish, softened; the groin stained with a frothy , blood-stained 
serum; the superficial lymphatic gland on the same side enlarged to size of a horse- 
chestnut; on section whitish, lardaceous; the lobules of the gland appearing as palo 
red massed inihedded in it. The serosa of intestines and the liver coated with a 
glairy, translucent, grayish deposit, which may be drawn out into threads and peeled 
from the iivGr in a thm layer. This exudate contains very few cells, but immense 
numbers of bacteria, evidentiy in a state of active multiplication, as thev are quite 
small, resembling oval cocci, and staining uniformly. ParencJijana of liver uni- 
formly darli brownish; bile very dark greenish; spleen not enlarged; lungs normal; 
right hearb filled with a translucent gelatinous clot; left, with" dark liquid blood- 
mucosa of stomach, which contains considerable food, coated with a tenacious nm- 
cus; cireumsorjbed hemorrhagic spots scattered over the right half of the stomach; 
very few bacteria in the parenchyma of spleen and liver. 

In this case ten days elapsed between inoculation and deatli. The 
local lesion was very extensive, the peritonitis advanced. Accordiui^ 
to preyious experience the difference between this and the preceding 
case was due entirely to the mode of inoculation. There is also an- 
other difference worthy of note. In the preceding rabbit the bacte- 
ria showed very beautifully the stain at the ends of the short rod; in 
this one they did not show it clearly at all. 

This microbe was therefore present in^the pleural cavity, in blood 
from the heart, and in the spleen of one pig, and in the blood of an- 
other. It IS highly probable, judging from the microscopic exam- 
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ination of tlie diseased liings, tliat if circumstances liad permitted -a 
thoTOLigii examination of tlielnng tissiieitself bymeans of cultures and 
inoculation experiments; the same results would have been obtained. 
This; however, was quite impossible imderrthe circumstances.* 

This microbe^ from Geneseo^ IlL, also found associated with com- 
pletely hepatized lungs, was without doubt the same as the one just 
described, when we take into consideration microscopical characters 
and those brought out by culture and inoculation. This microbe 
had not yet been tried upon fowls. In order to confirm still further 
the results already given the following experiment was tried : 

Dotober 30^ two pigs and two fowls were inoculated with the microbe from Gene- 
seo , and an equal number with that from Sodorus, 111. The pigs received subcutane- 
gii-Sly each 5"° of a beef -infusion iDeptone culture. Of the four only two died. One 
of these had been inoculated with the microbe from Sodorus. On the third day both 
eyes were discharging, the animal looking unthrifty and becoming w^eak and thin. 
It died on the eighth day. In brief the lesions were as follows: Fat and connective 
tissue in general yellowish. Both ventricles of heart filled with large washed clots 
and semi-coagulated blood. - Liver very firm, of a dirty red-lead color. On cutting 
into it a gritty sensation is transmitted to the hand. Venous stasis of the abdominal 
vessels. Other organs and intestinal tract normal. Cultures failed to detect the 
microbe m the spleen, liver, and blood. 

No. 863, inoculated with S'^'^ from a culture of the microbe obtained from Geneseo, 
111. , showed inflammation of the eyes a few days after, w^hich disappeared in a week. 
At the same time, the animal looked unthrifty. It had apparently recovered two 
weeks after inoculation, when it again became unthrifty and weak. The abdomen 
became enlarged and it was unable to rise. Found dead December 27, nearly two 
months after inoculation. At each point of inoculation on the thigh an encysted 
mass was found in the subcutaneous tissue as large as a marble. The contents 
were softening and inclosed by a fibrous wall. Lungs hypostatic. Pulmonary ves- 
sels and right heart filled with a iirm clot. Liver very much contracted, especially 
the lobes on the right, and streaked with depressed lines and furrows. The perito- 
neal covering on the cephalic aspect was very much thickened, in some places uni- 
formly, in others in a mesh- work corresponding to the interlobular tissue. The acini 
of , this side were very small. On the caudal aspect they were in some places very 
large and bulging.: Oh section this transition from large below to small above could 
be easily traced. Gall bladder filled with a thick pi-une-juice-colored bile. Inflam- 
matory adhesion between rectum and csecum. The mucous membrane of the large 
intestine of a dull red color, probably due to a passive congestion. No ulceration 
anywhere to be seen. The intestine itself' was very much distended with dry, half- 
digested feces of a yellowish hue; Four liquid cultures made from blood of heart 
remained clear. : , 

This case is interesting in that the inoculation caused a cirrhosis of the liver, which 
became indirectly fatal by destroying in great part the normal functions of this organ. 

Both fowls inoculated with the microbe from Sodorus died. One of them, which 
received i^'^ of the liquid cultures into the pectoral muscle, had a temperature of 
110|° F. next day. It began to grow weak rax3idly, the temperature remaining high, 
and it died on the mnth day. The only lesion was the parboiled condition of the pec- 
toral muscles. No growth in cultures from the liver. The other fowl, which had re- 
ceived but i<^<^ of the culture, lingered in the same condition, becoming very emaciated. 
It died on the seventeenth day. The inoculated pectoral muscle very pale and infil- 
trated with serum. Yellowish necrotic masses embedded in it. Extravasations be- 
neath serosa of duodenum, also beneath corresponding mucosa. The mesentery 
streaked with petechiaa near the vessels. Terminal portion of rectum dilated, filled 
with yellowish semi-liquid matter; mucosa of this region mtensely dark red. 
, One of the fowls inoculated with i^*^^ from a culture of the microbe from Geneseo 
died on the fourth day. Extensive serous innltration and tumefaction of the inocu- 
lated pectoral, wliich "is firm, whitish, parboiled in appearance; mesentery adjacent 
to pectorals shghtly inflamed; slight congestion of duodenum. 

Tliis case demonstrates a similarity of pathogenic power of tlie two 
cultures botli upon pigs and fowls. In these cases the local infiltra- 

* Very recent investigations of the disease in the District of Columbia have con- 
firmed these statements. The pathogenic bacteria are limited almost exolusiTely to 
the diseased lungs. ^ 
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tion contained tlie microbe in abundance, bnt cultures from the blood 
and liver remained sterile. It seems that it has not the power to mul- 
tiply in the internal organs, though producing exceedingly^ severe 
local lesions suf&cient to cause death. The lesions which the sub- 
cutaneous injection of the microbe produces in pigs were so uniform 
and yet so peculiar, that it seemed necessary to add a few more experi- 
ments to those already made. 

- November 18, two pigs (InTos. 374 and 375) received hypodermically 
5^° (one-half into each thigh) of a beef -infusion peptone culture two 
days old, derived from a gelatine culture (rabbit) about one^ month 
old. Three pigs were placed with these to determine whether the 
disease was infectious. In both animals two days after inoculation 
the sclerotic became deeply reddened. This congestion was followed 
by discharge, which gummed the lids together for a part of the time. 
In about a week these symptoms gave way and the eyes became jaun- 
diced. The eyes of the three check pigs were not affected. l^To, 375 
died November 25, one week after inoculation. ' The subcutaneous 
connective tissue of a dee;g yellow color. The points of inoculation 
occupied by cysts fdled with a blood-stained serum. Blood black, 
partially coagulated. Hypostatic congestion of lungs. Purplish 
spots beneath pleura and in parenchyma; some lung worms present. 
Liver very pale, bloodless, very tough. The sclerosis general and 
the contraction of the connective tissue has made the caudal aspect 
very cbncavev Removed from the body it resembles india-rubber, as 
it retains the same form in whatever position it is laid. Gritty sen- 
sation when cut. The gall bladder filled with semi-liquid, dark brown 
bile,, resembling plum juice, surrouhding a mass of putty-like con- 
sistency and of the same color. The papillar opening of the comnion 
duct into the duodenum contained a plug of gelatinous mucus, and 
when the duct was slit open it contained mucus only. The walls were 
not even bile-stained; the secretion of bile had ceased some time past. 
When the liver was cut the section was of a dirty reddish-yellow . 
color throughout; no blood flowed from the vessels; when scraped the 
cellular elements of the acini came away readily, leaving the tough 
interlobular tissue in situ as a honey-combed mass. 

Sections hardened in alcohol and stained in alum-carmine showed 
a large amount of connective tissue as compared with the normal 
liver. This increase was general. In the parenchyma of the lobules 
there were circumscribed areas in which the protoplasm of the cells 
stained very feebly, while the nuclei were either shriveled or else re- 
placed by a group of granules. The characteristic trabecular struct- 
ure in these areas was more or less destroyed. Almost every lobule 
examined contained these altered regions, which were situated as a 
rule near the periphery. . 

There was a very marked venous stasis of the portal circulation, 
characterized by an overdistension of the vessels, bringing even the- 
smallest into view. The vasa recta of kidneys very prominent, giving 
the pyramids a bright red appearance. Serum in the abdominal 
cavity of a deep yellow. This yellow tinge is present in the fat around 
the base of the heart. The urine deep yellow, the mucosa of bladder 
stained with the same color. The urine readily gives, with Gmelin's 
test, the colors characteristic of the bile pigments. The intestinal 
tract normal throughout, save whp4;t changes arose from the general 
stasis of the portal circulation. The stomach empty and coated with 
a viscid mucus. : 
The injected microbe which without doubt caused these lesions 
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coiild not be found; Three tubes of cnlkire liquid wer^^ inoculated 
eaeh witji tliree to four drops of the blood from the heart. They 
' remained Bterile/ Bits of spleen and liver about i'"' cube were 
dropped into tubes* They also remained sterile. 

lived longer/ became.yery weak stupid, and finally 
was unable to rise. Eleven daysHafter inoculation it died. At one 
of the points of inoculation there was a firm, tough tumor. - The le- 
sions were very similar to those just given, but less pronounced. 
There was but slight icterus of the odnneotive tissue. Serum in per- 
icardial cavity and fat about heart stained yellow. Urine gives veiy 
easily the reaction for bile pigments. Lungs: hypostatic. Both sides 
01 heart filled with black coagula. Liver in the same condition as 
■ that of N'o. 375. Gall bladder as above. The common duct was 
patent and Btill bile-stained/ Venous stasis of portal system but 
Blightiy marked. Intestinal tract normal. Four liquid cultures of 
blood Irom the heart remain sterile. Into one a large coaguium had 

; : beeil dropped. Twg pieces of liver and two from the spleen fail to 
induce any bacterial growth whatever in the liquids into which they 
are dropped. The check animals i^emained well for a month after. 

V The unif orm success in producing most severe cases of hog-cholera 
by feeding pure liquid cultures of nqg-cholera bacteria to pigs which 
had been deprived of food for 24 to 36 hours led to the inference that 
the same result might be expected from the microbe of pneumonia/ 
provided it was at all capable of being infectious by way of the 
intestinal tract. 

jbecemher 19.— Two pigs (385, 386) were deprived of food for 33 hours.; No. 885 
then received a liter of beef broth containing 10 graras of sorliitra carbonate to in- 
crease the alkalinity of the stomach. Each was thereupon fed ^vitli 200' ^ of a cult- 
ure of the Ymeumonla microbe in simple beef infusion six day?? old. Tlds dose was 
mixed with beef broth to make one liter. Up to the time of writing (January 27) 
not the slightest disturbance in health has been manifest, Tiiree pigs fed about 
the same time and in the same wa^ with ciiltures of hog-cholera bacteria all sue- 
cumbedj with very severe lesions ot the i^^ (Page 614.) 

This microbe had thus produced, when injected beneath the skin 
in quantities not less than 5*'"^ of culture liquid (beef inf usion with 1 
. per cent, peptone neutralized), an acute cirrhosis of the liver in seven 
out of ten pigs. The pathological chaiigeB in most cases were so severe 
as to check the formation of bile, entirely/ We must provisionally 
accept the theory that the injected microbes exert their patho- 
: genie power chieiiy upon the liver. Perhaps the germs are deposited 
there by the blood current and cause an acute inflammatory hyper- 
plasia of the interlobular tissue. In contracting, the portal vessels 
and bile ducts are compressed §0 as to become impervioiis. This pro* 
duces a venous congestion of the abdoniinal organs^ which pour thoir 
Mood into the portal vein, and a generalized icterus, caused perhaps 
by the retention of the bile elements in the blood/as well as their re- 
absorption from the liver. Meanwhile the bacteria themselves are 
destroyed in the tissues, so that at the death of the animal none can 
be found even by means of the most delicate niethods Gf cultivation. 
That the three pigs which did not succumb to the inoculation wor 
- not aifected is not warranted, as the following experimeiit shows : il 
. pig was inoculated by injecting into the trachea a culture of this mi« 
^ crobe. The pig remained well f or seYeral weeks, when it was killed 
; for examination. At the autopsy it was found that owing to the 
thick layer of f at in the neck the injection: did not enter the trachea. 
A tumor almost as large as a hen's egg had formed by the side of the 
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tracliea. Its center was already sof toned. Tlie organs were appar- 
ently normal witli the exception liver^ wlilcli is extremeiy pale, 
and bloodless, stowing signs of cirrliosis. 

aSNEEAD CRABACTEJRS GF THE MIOROBE CAUSING PNEUMONIA IN 

In cover-glass preparations from tiie organs of animals wMcli liave 
died from iiiooulation^ and of which the rabbit presents the best adTan- 
tages for study, the microbes appear as oval bodies, measiiring about 

: 1 to 1. 2 micromillimeters in length and .6 to .8 micromiliimeter in 
breadth. When stained by some aniline, such as an aqueoiis sol^^ 
of methyl violet or an alkaline solution of methylene blue, their ap- 
;;pearanc0 is very much lil?:e that of the nii^^^ rabbit septiosemia. 

The two extremities of the longer axis are deeply stained. Between 
these colored' masses a transverse band remains transparent, without 
any color. This unstained portion may vary between one-fourth and 
; one-half of the entire optical area of the ovaL It is limited on either 
sideby a very delicate, stained line (Plate III^ Fig.3; Plate IX, Fig. 1), 
It is probable; that this appearance arises during the elongation of the 
coccus preparatory to a transverse division into two, and that the 
width of this unstained area depends upon the stage of the process* ' 
Among the cocci there may be seen in cover-glass preparations of 
liq^uid. cultures rodlike forms as broad as the cocci, imperfectly seg- 
mented/ and attaining in a few cases a length of 15 to 20 micromilE- . 
meters. These filaments must be regarded as involution forms of the 
cocci, due to a want of power of division; for such a form is frequently 
of varying width and the extremitie>s irregulai^^ moreover, 
the cultures containing them are invariably found pure when tested 
on gelatine plates. This abnormal growth is not confined to cultures. - 

_ It is found in cover-glass preparations made tlirectly from the tissues- 
of animals which have suocumbed to inoculation with pure cultures. 
They are common in mice and rabbits. In the former animals they 
assuxne a bacillar form occasionally, in. rabbits a form staining very 

_ irregnlarly and resembling swollen diplococci. In the earlier' exper- 
iments with this microbe these abnormal appearances were very puz- 
zling. Inoculation of liquids with -these bacteria gave invariably the 
same f ormv Gelatine tube cultures and the colonies on plates always 
proved the same. It became necessary to conclude from these results . 
that, although fatal to these animals to a very high degree, this par- 
ticular coccus does not find the best conditions for multiplication in 

; these animals ; or else it may be found that some slight variations 
_in the manipulation of CGVer-glass preparations, a too rapid drying 
or a greater heat applied to th^ dried film, may cause changes in the 
microscopical appearances of the stained germ. Whatever the reason 
may be, the striking fact remains that in some rabbits the bacteria on 
cover-glass preparations are regular and uniformly staiuGd at both 
extremities; in others they are irregular in outline and the staining 
is not characteristic. 

. If a neutralized beef infusion with I per cent, peptone be inocu- 
lated with this microbe a faint opalescence pervades the entire fluid 
on the following day. There is no membrane present at this stage, 
nor after several weeks. A jjure liquid culture of this microbe is 
easily distinguishable from that of the hog-cholera bacterium. The 
latter is more opaque, and when the tube is shaken rolling clouds 
are formed; This is not seen in the faint opalescent liquid of the 
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former. It will also be remembered that after one or two weeks a 
ring of deposit forms about the tube at the surf ace of the liquid in 
tbe culture of the bog-cliolera bacterium. In a few cultures an 
incomplete surf ace membrane may also apx^ear. It multiplies more 
abundantly^ therefore^ in this medium than the more delicate microbe 
under consideration. 

-li a drop from a culture one day old be examined with a 
homogeneous objective no spontaneous movement be observed. 
When dried and stained in an aqueous solution of methyl violet or 
other an;iline,,the microbes are best studied, as regards their form, at 
the circumference of the dried filmj^ where they have been drawn 
together in large numbers by the slow drying of the drop. The 
microbe appears in the form of an oval coccus, about .6 to .7 micro- 
millimeter long and ,4 mieromillimeter broad. The small size 
makeb the exact measurement very difficult. Besides these. there are 
smaller and larger forms measuring 1 niicromillimeter in length. 
The great majority of forms correspond with the dimensions first 
given. Those around the border of the dried film usually show the 
characteristic stain at the extremities with the unstained band be- 
tween. The remainder are usually so small that this cannot be made 
out, or else they are in that stage of growth when division has not 
yet begun, and are uniformly colored. 

-If a minute portion from the organs of a rabbit, or from a culture 
of this microbe, be shaken up with nutrient gelatine, barely lique- 
fied by a gentle heat, and the mixture poured on plates, the colonies 
will become visible to the unaided eye in about two days, provided 
the temperature does not fall below 70° F. They are round, with 
pale homogeneous disk, when examined with transmitted light. Their 
growth is slow, and at the end of a week they vary in diameter from 
i^^'^to^™"'. Their appearanceat this age is peculiar (Plate IV, Fig, 5). 
Each colony is provided* with a border of varying width, usually not 
exceeding one-fourth the radius of the colony. This border is paler 
thaii the central portion, and sharply separated from it by a circular 
line, sometimes slightly eccentric, as in theillustration. The central 
disk is usually aomewhat granular at this stage. The colonies when 
growing on the surface of the layer of gelatine spread quite rapidly, 
and soon are four or five times the size of the deep colonies. _ The 
margin of the more or less circular patch is very thin and sharp, and 
slightly wavy. This miQvo}yQ does not liquefy the gelatine at any 
time of its growth. 

In tubes containing nutrient gelatine the microbes carried by the 
needle into the depths of the gelatine develop into spherical colonies 
which do not become larger than -i-'"™ in diameter (Plate lY, Figs. 1, 
2). The surface growth is quite vigorous. It spreads as a pearly 
white circular patch in all directions from the point of inoculation. 
This patch: is not convex, but unif ormly thick, usually with a wavy 
or scalloped border (Plate V, Fig. l, i>). The growth is ver^r slow as 
a rule, varying with the temperature of the room. It requires sev- 
eral weeks for a disk a few millimeters in diameter to form, and from 
one to two months for one 5"""' to 10'"'". When viewed obliquely very 
faint concentric markings niay usiially be observed on this pearly 
growth. There are some slight differences between the tube cultures 
of the microbe of genuine hog-cholera and this organism, which are 
entirely expressed in the surface growth (Plate V, fig. 1, ci, b). In 
the second annual report the tube culture of the bacterium of hog- 
cholera was figured as having very minute deej) colonies and scarcely 
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any surface growth. Later obseryations showed that if a more alka- 
line nutrient gelatine be used the growth is far more vigorons; the 
deep colonies are much larger and the surface growth abundant 
(Plate VI, Figs. 4, 5) . It presents either as a compact convex pearly 
disk or button, or as a very irregular flat patch, sending out ragged 
prolongations over the surface of the gelatine. 

This microbe grows upon blood serum from the cow. On the sur- 
face the growth is very thin, scarcely visible. In the needle track a ' 
dense opaque mass forms. On the condensation liquid in the bottom 
of the tube a whitish, brittle membrane is present. Eepeated efforts 
to induce growth on pjotato have thus far failed. In milk its multi- 
plication is not very great when compared with the other microbes. 
It is capable to a certain extent of multiplying in tubes from which 
the air has been exhausted and in w%ich the ordinary saprophytes 
remain dormant. When exposed to a temperature of 58° for fif- 
teen minutes it is invariably destroyed. This is true of the bacteria 
taken directly from the animal as well as of those in liquid cultures. 
This microbe is easily killed by drying, three days being sufficient^ 
whether it is taken from cultures or from the tissues of the dead 
animal. 

Upon sterilised cover-glasses a drop from a liquid culture two days old is allowed 
to dry under a plugged funnel. On the third day a tube of beef infupion into 
which one of these cover-glasses had been dropped, remained clear. On the sixth 
seventh, and nmth days tubes were inoculated in the same way, which also re- 
mained clear. 

Exudate from the peritoneal surface of the liver of a rabbit which died from inV 
oculation was dried on cover-glasses and tested in the same way. The exudate con- 
tamed immense numbers of microbes. One tube inoculated after four hours' dry- 
mg, two after one day, and two after two days became opalescent and were found 
pure cultm-es. Two inoculated on the third, fourth, and fifth day remained clear. 

The_ multiplicat^^^^ -^ater was tested as de- 

scribed f or the hog-cholera bacteria. The latter, very hardy as the 
experiments showed, remained aliye in large numbers for months 
The microbes under consideration showed theniselves almost inca- 
pable of living and multiplying in such water. In fact; it is very 
probabli3 that many are destroyed in being transferred into it from 
nutrient media. ; 

On November20 a tube containing sterilized Potomac drinkinc^ water was inocu- 
lated irom a culture two days old. A plate culture immediateljr prepared to deter- 
mme the number of germs transferred was lost by accident. Judging from nreced- 
mg experiments, there could not have been less tlmn 50,000 in 1- of the w? ter 
Plate cultures Gontaimng .1^° of water were made two and three days after inocui-n- 
tion. Nothing grew upon either plate. On the sixth day a tube ht beef-infusion 
peptone was inoculated from the water. The liquid remained clear 

On November 27 a tube containing sterilized Potomac drmking water was inocu- 
lated from a liquid culture of the microbe twenty-four hours old. A plate culture 

Ifw ^'^^fr^*^^^^^^ lat^^' that each cubic cent 

timeter of the water contained after inoculation about 140,000 microbes After 
Iw''? at a temperature of 22^ to 25° O. a plate culture made with 

about which should have contained at least 500 colonies, showed none what- 
ever. December a, nme days after inoculation, i« was added to a tube of beef in- 
fusion pepton^ On the following day this tube was turbid and contained the mt 
crobe only. Hence a few individuals were stiU alive on the ninth day A Xte 
culture was made from the same water twenty^our days later by adding to the 
gelatine before pouring it upon the plate. No colonies irew. Finally a tube of nu^ 
t"^^i^T^'^''^^t ^^ ^^ the twenty-seventh day, remaLd clir 
Hence an the microbes^ were practically detul bef ore a month had passed, and the 
^e^ majority perished, without doubt, a few days after bemg iixed w5h the 



water, 
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The appearances and morplxologieal differenGes of tlie miGrbbes dis- 
covered in hog-cliolera and in the infections pneumonia which we 
. now cair svyine-plagne, are illustrated by the photo-micrographs re- 
produced in Plates TII, VIII, and IX, The microbe of hog-cholera 
IS seen in Ptete VII, Fig. 1, as it appears in the tissues of the body. 
Most of the germs in this case ar<3 sufficiently elongated to be classed 
as bacilli. In citltures where more rapid multipiication occurs the 
microbe is shorter and assumes an oval form (Plate VII, Pig. 2). 
The microbe from the Nebrasba outbreak of hog-cholera, referred to 
above^ maintained a distinctly rod-like form, however, even in liquid 
cultures (Plate VIII, Fig; 1). The micrococcus of swine-plague, 
which is plainly oval in the tissues and in the blood, as shown iii 
Plate IX, Figs. 1, 2, becomes very^ nearly or quite spherical in liquid 
cultures (Plate VIII, Pig. 2), This is also very nearly the form seen 
in gelatine cultures. 

The following comparative table sets forth briefly the differences 
between the bacterium of hog-cholera and the microbe which has 
been found associated with pneumonia in pigs and described in the 
preceding pages: 



EOG-CHOLBRA BACTERIUM, 

- Morphological and biological properties, 

1. Ovals varying in length from 1.2«»«» 
to 1.8^°^. 



2. Stains around periphery, v^^ith a 
slight increase in the width of the stained 
border a,t the extremities ; observed chiefly 
in the tissues of animals. In cultures 
may stain entirely. 

3. Motile in liquids. 

4. Grows, actively on potato. 



5, Resists drying for one to two months. 

6. Multiplies for a time in drinking 
water, and remains alive at least four 
months. 

Pathogenic effects, 

1. In small susceptible animals subcu- 
taneous inoculation causes but slight 
local reaction. 

2. In mice it alwja^ys produces a disease 
lasting from eight to sixteen days; spleen 
enormously enlarged; liver enlarged and 
containing numerous foci of coagulation 
necrosis. 

_ 3. In rabbits the disease produced by 
inoculation of small quanties of culture 
liquid into thigh lasts from six to nine 
days. Great enlargement of spleen; en- 
largement of liver and centers of coag- 
ulation necrosis. Local lesion: circum- 
Boribed necrosis of muscular tissiie. 
Lungs usually have hemorrhagic foci or 
more extensive lobular pneumonia. 



MICEOBK OF PNEUMONIA. 

Morphological and biological properties. 

1. Ovals varying in length from .S"''^ 
to 1.2™°^. (In both species the size is very 
variable! according to the stage of growtix 
and division and the culture medium.) 
This iniGrobe is in general much smaller 
than the bacterium of swine-plague.^ 

2. Stains in process of division at the 
two extremities only. 



3. JVbn-?HQ*i7e in liquids. 

4. Growth on potato fails. Growth in 
nutrient liquids more feeble; on gelatine 
almost as vigorous. 

5. Resists drying only a few days. 

6. Does not multiply in drinking water, 
and is entirely destroyed ina few weeks. 

Pathogenic effects, 

1. Local reaction usually very severe 

and extensive. 

3. Mice destroyed, but not invariably, 
in two to six days. No characteristic 
lesions. 



3. ^ Same; mode of inoculation destroys 
life in from three to six days. Extensive 
local sero-sanguineous, later purulent 
infiltration and thicliexiing; plastic peri- 
tonitis; spleen not enlarged. 
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4. Same mode of inoculation destroys 4. Guinea-pigs somewhat more refrac- 
guinea-pigs ; with a few exceptions. Le- tory; extensive local lesions as in rab- 
siona quite the same as in rabbits. May bits; occasionally plastic peritonitis; die 
live fourteen days. ^ in four to six days; spleen not enlarged. 

5. Pigeons destroyed by large doses. 5. Pigeons also susceptible to large 
Bacteria iii internal organs, doses* Bacteria absent from internal 

organs. 

6. No fowls destroyed by inoculation. 6. Large doses [kill fowls. Very ex- 

tensive local infiltration and destruction 
■ ' ' ' of muscular tissue/ 

7. Pigs are either not affected by hypo- ?. Large doses cause acute sclerosis of 
dermic infection, or else a severe disease liver, with icterus. Bacteria absent, 
follows, ciiaracterigsed by hemorrhages in 

all organs. Bacteria present in large 
numbers in internal organs. 

- 8. Feeding cultures after starving for 8. Feeding cultures produces no effect 
a day produces extensive necrosis of mu- whatever, 
oous membrane of large intestine; in- 
fiarnmation and oocasiohal uleerati 
stomach and ileum. 

_ The inoculations apply to subcutaneous injections of small quantities of liquad 
cultures, in mammals on the inner aspect of the thigh, in birds on the pectoraL 

MOKE BECENT OUTBEBAKr O^^ PNEUMONIA. 

Recently specimens were receivedr from an outbreak of infections 
pneumonia in Iowa. According to information obtained by Dr. 
H. Paaren in January, 1887, a disease of swine prevailed dnring the 
fall and winter of 1885- 86, and during the same period of 1886--'87, 
wbicli was limited chiefly to the four counties of Worth, Mitchell/ 
Gerro G ordo, and Floyd, along the Shell Rock River. Specimens of 
lung tissue were obtained from Cerro Gordo County, although the 
disease was almost extinct at this time (January, 1887). 

At Mason City Dr, Paaren examined a number of dead hogs at a 
soap factory, which had been brought together from different parts 
of the surrounding country/ In these animals the lungs were uni- 
formly diseased, the digestive tract normal or but slightly congested. 
The liver also was diseased in all ^ 

From these observations it would seem that the disease prevalent 
in Iowa was the infectious pneumonia which has been described in 
the prGceding jjagGS, and not the real hog- cholera. The following 
experiments teAid to confirm these views: 

Pieces of Imig tissue sent from Cerro Gordo County were partly 
immersed in a blood-stained liquid which must have exuded from the 
lungs. The animal was frozen solid when the tissues were removed. 
Both pieces of Hung tissue had a faint, not putrescent odor. They 
weiti of a red flesh color. The tissue seemed completely airless. 
Cover-glass preparations showed the infiltration to be made up 
almost exclusively of small round cells, with an occasional epitheloid 
cell amongst them. Careful observation demonstrated the presence 
of very minute cjval bacteria, varying slightly in length. The long- 
est (perhaps not more than 1"'™) stained only at the extremities. 
There were no other bacteria visible to indicate any advanced decom- 
position. In one oi the pieces the knife had been passed through 
an irregular cavity in the lung substance as large as a marble, lobu- 

* Lately a disease of the lungs, probably identical with the infectious pneumonia 
iinder discussion, came to our notice in the District of Columbia, from which the 
same microbe was obtained. A detailed account must be reserved for future pub- 
lication. 
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lated^ boiinded by a membrane, and partly filled witla an inspissated 
siibstanoe easily crumbled, and consisting entirely of round cells. 
There was also marked pieuritis. The pleura of the portions sent 
was thickened^ and a spongy membranous exudate, about f™™ thick, 
had formed, which consisted also of small round cells exclusiyely. 

A number of plate cultures were made by shaking up pieces of lung 
tissue and pleural exudate in gelatine and pouring it on plates. These 
plates were, as a rule, negative. Inoculations into animals proyed 
more successful, however. \ - ; V 

Two mice were inoculated by placing bits of the lung tissue beneath the skin at 
the root of the tail. One mouse died on the second day. Internal organs un- 
changed; no local reaction; no bacteria to be seen on cover-glass preparations of 
spleen and liver. : 

The second mouse died on the third day, though apparently well the day before. 
In this animal the spleen was very dark and enlarged; liver also much congested. 
In these two organs, as well as in the blood from the heart, oval bacteria were pres- 
ent in large quantities. ^ Plate cultures and liquid cultures of blood proved them to 
be the immo tile oval microbe already described. 

Two rabbits had been inoculated at the same time by placing a bit of the lung be- 
neath the skin of the thigh on its inner aspect. One of them died in five days. The 
local reaction, very slight, was limited to a small mass of pus in the subcutaneous 
tissue. The muscular tissue was not involved. The internal organs were also un- 
changed, but in all of them the microbe already described was present in immense 
numbers in the spleen and liver, fewer in heart's blood and kidneys. Gelatine cult- 
uxes from spleen and liver and tw^o liquid cultures of heart's blood contained only, 
tiie specific microbe. The second rabbit remained well. 

Two mice inoculated subcutaneously with a Mquid culture derived from a gelatine 
tube of the above rabbit died within twenty hours, though each had received but 
^^^'^ of liquid. The spleen and liver crowded with the injected microbe. 

From a tube culture in nutrient gelatine a tube of beef infusion was inoculated, 
and on the following day a rabbit was inoculated hypodermically into the thigh with 
a few drops, and two pigeons, beneath the &kin of the pectoral, with to f from the 
same culture/ In the lormer bird the needle entered the pectoral muscle. The rab- 
bit was found dead next morning, not longer than eighteen hours affcer inoculation. 
At the place of in jection a few ecchymoses and distended vessels on the inner sur- 
face of the skin. A lymph gland near by deeply reddened, A few fhreads of librl- 
nous exudate on coils of intestine. Lungs hypostatic. Immense numbers of bacteria 
in liver, spleen, and heart's blood, most of them showing the characteristic stain at 
the ends. - 

The pigeon which had received ^'^ into the pectoral died in twenty-four hours. In 

this bird the pectoral was discolored, parboiled for a depth of one-half inch aiid over 
an area of about 1 square inch. The subcutis was filled with a reddish serous effu- 
sion, the skin slightly thickened. Innumerable bacteria in this local lesion. Fatty 
degeneration of liver. A small portion of each lung deeply congested. Vessels of 
duodenum and testes injected. Immense numbers of bacteria In blood from the 
heart, in the liver and lungs, showing the characteristic stain at the ends very well. 
The other pigeon was not affected. . • 

The fowls inoculated ^vith i*^*' of a liquid culture of this microbe remained unaf- 
fected. . Similarly two pigs, which had received each beneath the skin of the 
thigh, remained well. 

Specimens from the Mason City soap factory were like the first. 
The lung tissue was enlarged, solidified, and of a pale reddish color. 
When sections w^ere made into this airless mass the cut surface showed 
a reddish ground^, in which were embedded whitish specks about |- to 
1 micromillinieter in diameter. These protruded slightly , giving the 
surface a' granular appearance. They could be lifted out^ and when 
crushed upon a cover-glass and stained small round and larger epithe- 
loid cells were found to make up the mass. Bacteria of different 
/kind^B indiGnted post m 

These lesions were therefore very much like those found in Illinois, 
and there is no reason to doubt that they were caused by the same 
agency. In all oi the lungs thus far examined from which the same 
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microBe was obtained the vesiGiilar portion of tlie lungs was filled with 
a Gellnlar exndate, partly derived by a desquamation of the alveolar 
epithelium and partly by an infiltration of cells from the blood. 

Two rabbits inoculated by nibbing some of the scrapings from the cut surface of 
the lung tissue into a woimd made on the inner surface of the ear remained well. 
One mouse inoculated as above died next day. No bacteria in the organs. Blood 
cultures remain sterile. A third rabbit was inoculated by placing a bit of lung sub- 
stance beneath the skin of the thigh and closing the incision with a stitch. Theani- 
mai remained well. 

Ko positive results were thus obtained from this specimen. The 
source of the animal, the time of death not being known, it is not at 
all improbable that this specific microbe may perish in the animal 
body a certain time after death through frost and other agencies. It 
is not, moreover, to be denied that only certain portions of the lung 
tissue are, at a given time, the seat of active bacterial growth. These 
portions may not have been sent to us. 

It seems that this hitherto unrecognized disease in swine is far more 
prevalent in the Western States than was at first supposed. It there- 
fore^becomes necessary to inquire more carefully into the distribution 
of these two maladies and to determine whether they do not fre- 
quently exist in the same localities. 

The microbe from Iowa outbreaks showed a greater virulence, as a 
few drops of culture fluid were sufficient to destroy mice and rabbits 
in less than twenty-four hours. Whether such differences are suffi- 
cient to account for the varying severity of the disease in different 
locah ties remains to be determined by more extended observation. 
The fact that the subcutaneous inoculation of cultures did not affect 
two pigs may be due to a wanit of power to develop in the internal 
organs. This is virtually the case m the disease, as it appears natu- 
rally among swnie. Though the lungs may be extensively diseased, 
the blood, spleen, and other internal organs are practically free from 
bacteria. The disease seems to be caused by inhaling or aspirating 
the specific bacteria, which exert their destructive effect in the alveoli 
and smaller bronchi, and do not in reality enter the blood of the af- 
fected animal. The final test will rest upon the possibility of pro- 
ducing the specific lung disease by means of inhalation experiments 
which are now being carried on. ' 

REGENT FOREiaN INVESTiaATIONS IN INFECTIOUS SWINE DISEASES. 

; The investigations by foreign observers during the past year upon 
infectious diseases of swine, and more especially their causation, have 
led to some interesting results, which deserve careful consideration. 
In the Second Annual Report of this Bureau it was pointed out that 
the disease known in this country as swine-plague, or more commonly 
as hog-cholera, was vfholly different from the disease known on the 
Continent as rouget and Eothlauf, Not only are the lesions different, 
but the micro-organisms producing them wholly unlike in their mi- 
croscopical and biological features, as well as in their pathogenic effect 
upon animals. Thus far rouget ha& not been found in this country. 
The conclusions reached last year, though doubted by those who 
seemed to consider all infectious or contagious diseases of swine iden- 
tical, are unshaken. All efforts at practicing preventive inoculation 
m hog-cholera with virus derived from rouget muBt not only be 
looked upon as absurd in the light of present knowledge, hut as dan- 
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gerous, inasmucli as a new disease may^ oiir 
eoTintry from abroad. 

Tlie important lies on the stir- 

face. Infections diseases in wMcb tKe gross pathological effects dif- 
fer qnite constantly in the same species of animals should not he 
classed^ as identical nntil so proved by the most rigorous methods 
that seieniific research possesses. 

: Gn page 226 of . the Second Annual Report of the Bureau (1885) a 
brief mention was made of a disease found once by Loffler in Gier- 
many, whieh presented as the most marked lesion an enormous oidema 
or swelling of the skin of the neck. It is caused by small ovid bac- 
teria, oalling to mind by their appearance the organisms of septi- 
cemia in rabbits, especially when in the process of division, although 
but half as large. Inoculation with these bacteria -Droduced speedy 
death in rabbits, mice, and guinea-pigs, as well as pigs. Eabbits died 
within twenty-four hours; mice lived a few hours longer- guinea- 
pigs died on the second and third day after inoculation. In all ani- 
mals there was a sero-saHguinolent effusion into the subcutaneous 
tissue of the entire abdomen, extending to the axilla on the one hand 
and the inguinal region on the other. - Muscular tissue infiltrated 
with. thB same reddish effusion. Pigeons, fowls, and rats remained 
unaffected after the inoculation. : One of the three inoculated pigs 
died on the second day with the following lesions : Skin of abdomen 
bluisli red. Enormous oedema of the skin. Lungs hypostatic. Mu- 
cosa of stomach deeply reddened. Spleen unchanged. Kidneys par- 
encliymatous« Mesenteric glands not swollen,"*. 

More recently this same infectious disease among swine in Ger- 
:many has been carefully described and studied by Schutz,t and as it 
has many features,^ in common with the disease which has been sep- 
arated from hog-cholera in the preceding pages, it deserves a some- 
: what careful analysis here. : 
; The author first obtained the microbe causing this disease by plac- 
ing beneath the skin of small animals bits from spleens of pigs wMch 
liad presented symptoms of rdt^yei. The spleens were putrid, but 
the pathogenio microbe was found alone in the bodies of the inocu- 
lated animals, J the putrefactive germs not having tke power of pen- 
etrating beyond the wound in which they are placed. In this way he 
inoculated 2 mice, 2 guinea-pigs, 1 pigeon, and 1 rabbit. The mice 
died on the second and third day. The bacteria found in the organs 
of these mice have the form of ovals/ and are easily stained by watery 
solutions of aniline colors, - - ' \ 

"When stained with geaitian Tiolet they show in their central portions an tmstained 
region enrrounded by a layer stained blue. The thickness of this layer is greater 
liri— P^leSj So that the extremities appear more deeply stained than the sides. 

lien deeply Btamed they appear uniformly blue. As these orgunistos stand be- 
tween microcococci and baeffli, they may be called bacteria. They are l.^^'^^ lon^^ 
ana ,4«^«no.5^^^ broad. They multiply m the followmg manner: They become twice 
^1 broad, show distinctly rounded extremities, and stain like the organisms 

rabbit septiceemaa and fowl-cholera, so that between the deeply stained ends about 
one-half or a tlnrd of the entire length remains unstained. Oareful examination 
snows, nowever, that tlie colored end pieces are connected with each other by aiine 
line winch passes from one to another on each side. The end pieces then separate 
and the median portion disappears. The former are at first spherical, but very soon 

*Arbeit6n a, d. kaiserliehen Gesundheitsainte, I, S. STY* - - ' 

t The bacterium of hog-cholera as found In Nebraska was obtained pure ia the 
mm© way aa described elsewhere ha, tiais report (p. 6S8), 
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assiime an oval form. Hence from every orgamsm two new individuals arise by 
division, in wliich by careful staining the ilneolored central portion is easily dis- 
tinguished from the colored periphery. If the process of muhiplication is very rapid, 
as in pigs and rabbits, the organisms do not attain the size given above, but divide 
before the unstained median piece becomes distinctly visible. Under these circum- 
stances the organisms of the succeeding generations ai*e smaller, only one-half as 
large as, or even smaller than, those which have resulted from the slow division of 
the bacteria. The younger generations are frequently extraordinarily small, plainly 
oval, however, and staining uniformly in gentian violet. * * They do not ex- 
ecute any spontaneous movements. 

This description applies very well to the microbe found by us in 
pigs with lung disease. It points out the folly of expecting to de- 
termine a specific form with the aid of a microscope and an aniline 
stain only, when we reflect how many different forms of one specific 
microbe may be met with^ according to the rapidity of multiplication, 
which in turn depends upon the medium in which they grow, \ 

We will continue with the author's statement. The ralDbit died on 
the third day. From the inoculated ear an inflammatory swelling 
had spread over the entire head and neck, due to an extensive effu- 
sion of a turbid liquid into the subcutaneous connective tissue. En- 
largement of neighboring lymphatics. Bacteria in the blood and all 
organs, especially numerous in the subcutaneous effusion. The two 
guinea-pigs and the pigeons remained well. Gelatine tubes inocu- 
lated with this germ show no signs of liquefaction at any time. With 
a pure culture on gelatine the author inoculated two mice, one rabbit, 
and three pigeons. The mice died on the first and second day after in- 
oculation respectively. The lesions were as follows : ' ' Slight oedema 
and hypersemia of tne subcutis. Swelling of the lumbar, inguinal, 
and mesenteric lymphatic glands. Large intestine filled with feces; 
spleen considerably enlarged. Parenchymatous inflammation of 
liver, kidneys, heart, and muscles. Portion of blood coagulated; the 
remainder coagulates on exposure to air. Bacteria in all the organs, " 
. The rabbit died on the second day after inoculation. Besides local 
and general lesions already mentioned, there is an imx)lication of the 
respiratory apxi arat us (tracheitis and bronchitis hemorrhagica) . To 
these lesions we cannot attribute any specific character whatever. 
They are very likely due to proximity to the point of inoculation 
(ear). If the animal had been inoculated in the thigh they might 
have been absent. The pigeons remained w 

Two pigs were inoculated, with beef-infusion peptone culture, ob- 
tained from a mouse, each receiving subcutaneously the contents 
of a: Pravaz syringe. On the following day a considerable tumefac- 
tion of the thigh appeared. The skin over the swelling was dark 
red. : ^Both animals were so weak as to be scarcely able to v^alk. No 
appetite. Breathing accelerated. One of them died twenty-four 
hours after inoculation. At the autopsy the following changes were 
; observed: Infiltration of skin, connective and muscular tissue at the 
point of inoculation, with a red turbid effusion ; the skin tough and 
thickened. About 55*'*^ of turbid yellow liquid in the peritoneal 
cavity. The other changes given by the author do not point to any 
specific lesions^ and are omitted. ; The bacteria were found in the 
exudates and in all the organs, especially numerous in the effusion 
at the point of inoculation. The other pig died forty-eight hours 
after inoculation. In this animal the local swelling was also very 
extensive and severe. Bacteria in all the organs. 

The lesions indicated that the bacteria had at first multiplied and 
exerted their pathogenic effect at the point of inoculation, and thence 
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liad spread over the entire body by way of tbe blood and lymph 
cliaiiiieis. ^ ^ 

/ Tlie aiitlior calls attention to tlie great resemblance between tlie 
xnocniation disease produced by iim and by Loffler, and considers 
tlie cause the same in both, cases. 

A pig which had been made insusceptible to rot^gei by Taccihation 
was inoculated with a pure culture of this oval bacterium. It died 
in two or three days; with extensive local swellings where the inocu- 
lation had been made. Bacteria in all the organs; especially numer- 
ous in the spleen. This case illustrated the fact that an animal made 
insusceptible to one disease is not necessarily protected against the 
virus of another. 

Sohiitz was unable to produce the disease by feeding, as the fol- 
lowing shows : After starving a pig for twenty-four hours it was fed 
with bouillon m which 5 per cent, sodium carbonate was dissolved, 
and^halt an hour later with one liter of blood and pieces of flesh from 
a pig which had succumbed to inoculation. The animal seemed 
slightly ill for a few days, but recovered. . 

^ In continuing these investigations an epidemic came to his notice 
m which the early symptoms were diarrhoea, sometimes bloody At 
the sam.e time the hind legs became stiff, so that the animal lay most 
of the time. On the sixth and seventh day the back became weak, 
so that in walking the animals swayed to and fro. They then were 
scarcely able to reach their food without tumbling over. In a few 
the ears becanie red. In all the breathing became labored and hur- 
ried. In some twitching and convulsions appeared before death, 
which occurred on the eighth to the tenth day. Without giving the 
complete autopsy notes it will suffice to say that there was nothing 
abnormal in the intestinal tract. The stomach was considerably: 
bile-stained. The lesions were limited to the thoracic cavity. In the 
pericardial cavity about 36 grams of an opaque reddish fluid. Peri- 
cardium and epicardium glued together by small quantities of a 
warty, stringy, elastic substance: 

Both lobes of the left lung, with the exception of the upper border and the four 
lobes of the right lung, tough and airless (hepatized). In both pleural sacs about 64 
grams of an opaque reddish-yellow fluid,, mixed with flakes of fibrin. The pleura 
covermg the hepatized portions was rough, dull, clouded. These were in general of 
a dark grayish red, with interspersed, circumscribed patches of various size and 
form and grayish-yellow or reddish-yellow in color. ^ * * On the cut surface of 
the hepatized poition grayish-red and reddish-yellow areas could be detected, which 
were sharply marked off from one another. They corresponded to the circum- 
scribed patchy on the pleura, were very friable, partly with a pale luster, partly 
granulated. They occupied larger volumes of lung tissue, or were sprinkled as 
scattered foci m the grayish-red portions. Their extent was Iknited by the course 
of the larger bronchi and blood vessels. The surface of the grayish-red portions was 
also granulated, of a fauit lustre, and clouded. In these there appeared numerous 
more resistant, reddish-yellow spots, corresponding to the inner portions of the lob' 
nles. They were either isolated or gathered into small groups. The interlobular 
tissue was filled with a cloudy reddish fluid. In the softer portions of the lung the 
pleura was smooth, transparent. The cut surf ace Was smooth, shining, and here 
and there provided with smafl diffusely dark red spots; resistant. On compression a 
very fine foam poured out upon the cut surface. The bronchial lymphatics were 
enlarged, their capsules reddened. 

In a second animal the lesions were the same, almost the whole 
lungs hepatized. These animals had therefore suffered from an acute 
pi euro-pneumonia, iuYolving the pericardium in the first animal. 
The yellow regions correspond t^^^^ which, extending 

to the surface^ produces inflammation of the pleura^ In coTer-glass 
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preparations of the lung tissue tlie ova! "bacteria were found in large 
numbers. The author infers from tlie lesions that the bacteria hfid. 
been aspirated into the, finest bronchioles and alveoli and there pro- 
duced pneumonia. They were also found in the pleural and peri- 
cardial cavities. The remaining internal organs contained but few. 
With portions of the hepatized lungs six mice, five guinea-pigs, two rab- 
bits, two rats, two pigeons, and one foAvl were inoculated. The mice and 
rabbits died in the usual time, and presented lesions already described. 
Three of the guinea-pigs died on the fourth, fifth, and eighth day 
respectively. In the two first mentioned the subcutis and muscular 
tissue at the point of inoculation (abdomen) were infiltrated with a 
bloody^ clouded liquid; in the third animal — an old one— an extensive 
hemorrhagic and purulent infiltration was present. One of the 
pigeons died on the third day. The point of inoculation in the sub- 
cutis over the pectoral muscle was infiltrated with a fibrinous, puru- 
lent mass, containing a few bacteria. These were very scarce in the 
internal organs. 0ne of the rats died on the seventh day with le- 
sions similar to those of the older guinea-pigs. Very few bacteria in 
the internal organs. With bits of lung tissue from another pig which 
succumbed to the same infectious pneumonia the following animals 
were inoculated: two rabbits, guinea-pigs, pigeons, and fowls, and one 
rat. The rabbits died in one day, the guinea-pigs in two and five 
days respeGtively after inoculatiom The two pigeons, which had re- 
ceived comparatively large doses/ died in one and two days respect- 
ively. The rat and fowls were not afi:ected. 

The author also introduced pure cultures directly into the lung 
tissue of a pig through the cnest-wall by means of a hypodermic 
syringe. The animal died in less than three days. On post mortem 
examination the lungs were necrosed at the point of inoculation; 
there was severe and extensive pleuritis and pericarditis. Bacteria 
were very numerous in the a ffected organs^ but very scarce in other 
organs. In another experiment a pig confined in a box was made to 
inhale the spray of a liquid culture for several hours on two consecu- 
tive days until 500^*^ had been used up. The animal was killed eleven 
days later^ after having shown marked symptoms of lung disease. 
The same mortifying pneumonia as that described was found at the 
autopsy. 

Schutz also describes a case in which there was a condition of the 
lungs, lymphatic glands, and other organs closely resembling tuber- 
culosis. Gaseous degeneration of these structures was followed by 
a gradual loss of strength, leading to death. In this animal there 
was a caseous degeneration of the various joints of the posterior 
linib, enlargement and softening of the lymphatics. The oval bac- 
teria were present in large numbers in the caseous contents of the 
glands. The effect upon the animals when inoculated with this 
caseous mass was precisely the same as that produced by lung tissue 
or cultures from former cases. 

\ The disease disappears at the beginning of winter to reappear again 
in the spring. The losses sustained by one owner from the disease in 
a single year were very heavy, two hundred pigs having died. It 
was found in regions a considerable distance apart, which led Schiitz 
to infer that it was a widely distributed disease. 

The relation of hog-Gkolerci to this disease. — A careful perusal 
of this brief synopsis v/ill convince even those who have only ob- 
served the gross pathological lesions that are constantly met with in 
h.og-choleraj, or who have read ihQpo^t mortem notes as reproduced 
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and suBiinarized in this and tHe preceding report, tliat tliis new dis- 
ease described by Scliutz has notliing in common witli hog-cholera. 
We regard the description of the disease as giren in these reports as 
the basis for this statement, because the hundreds of cases examined 
in the laboratory were in variably associatei with^the same etiolog- 
ical factor— the same bacterium, which has been minutely described, 
and which is at once distingnishable from the microbe described by 
Schiitz. Leaving aside the many differ enees, a glance into the mi- 
croscope will show US an actively motile bacterinm on the one hand, 
and on the other a non-motile bacterinm. Our investigations have 
already shown the existence of another bacterial disease in swine, 
which may even be associated with hog-cholera, in ihe same herd 
and in the same animal. From the present standpoint of our infor- 
mation it would be presumably absurd to rely upon posf mar fern ex- 
aminations in different parts of the country without at the same time 
making bacteriological investigations, in order to decide the nature 
of a cei^tain class of symptoms and lesions. We have almost invari- 
ably found severe intestinal lesions in hog-nholera, producing ulcera- 
tion and often complete death of the muc^^us membrane of the large 
intestine, involving in the severest cases a similar destruction of 
the mucous membrane of the ileum. In the autopsy notes given by 
Schu tz the alimentary caiial is invariably intact or the slight changes 
due to general causes. The lesions are limited entirely to the tho- 
racic organs, where the kings are primarily affected by a multiple 
mortifying pneumonia." 'Thence the disease may involve the pleisra 
and the pericardium. 

In hog-cholera, lung le&ions are q[uite secondary and only rarely 
seen. In the severest hemorrhagic type of the disease we have 
almost always observed hemorrhagic foci scattered through the lung 
tissue, but these w^ere no more. numerous or more extensive than the. 
extravasations found in most of the other viscera. It is quite easy 
to believe that such cases surviving the first severe attack may de- 
velop a pneumonia by the gradual extension and confluence of the 
separate foci. In all cases where the causation of such lesions is a 
matter of doubt bacteriological investigation must now decide. 

Relation of infectious pneumonia to this disease, — It is of con- 
siderable importance to find out what relation this microbe of the 
GeTma,n Schweineseuche 'bea,T^ to the one which we have recently 
found in pigs as the cause of infectious pneumonia. Morphologically 
they are evidently the same. So far as their growth in culture media 
and their biological properties have been observed there seem to be 
no grounds for regarding them as different species. As to their path- 
ogenic properties we find «olne marked difterences. The evidence 
which has been brought forward in the preceding pages that the 
microbe there described is the cause of a pneumonia in pigs, which 
is tlierefore, from an etiological standjjoint, wholly different from 
hog-cholera, is not yet conclusive, and will require further investi- 
gations. Yet the facts there recorded are strongly in favor of the 
view that we are dealing with a hitherto unrecognized disease. The 
microbe was obtained from three outbreaks hundreds of miles apart. 
In the animals examined pneumonia was present. In the one out- 
break hog-cholera was also present, as demonstrated by the lesions 
and the specific bacterium. The presence in the same herd of two 
diseases, and even in the same animal of two wholly different microbes 
which produce them^ complicates matters very greatly. The disease 
described by Schtttz as Schweineaeuohe is essantially a looalizgd dk- 
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ease, involving ite Inngs only* There are no lesions of tlie intestinal 
tract. Is/theii, this Schweirwseiiche^i^^ same as the pneumonia 
wMch we have found ? Let us compare for a moment the microhes. 
Both destroy mice, the microhe of Snhweineseuche more speedily and 
invaria bly; The same may he said of rabbits. Inoculation on the 
ear caused death in one to three days, according to Schiitz. The 
same mode of inoculation produced death with the American form 
in nine days, and even subcutaneous inoculations do not prove fatal 
in less than three days. * Guinea-pigs are only in part susceptible 
to botlx microbes; pigeons to both when large quantities of virus 
are introduced into the system. Fowls are killed by the American, 
form in large doses. Schutz does not report the use of large doses 
with these birds. Both produce extensive pathological changes at 
the point of inoculation m the susceptible animals. 

When we come to their eifect upon pigs after subcutaneous inocu- 
lation marked differences are manifested. Pigs inoculated by Schutz 
died from one to three days after inoculation. Besides producing 
rather severelocal reaction, the bacteria had multiplied in all the in- 
ternal organs and were easily demonstrable in cover-glass prepara- . 
tions. Those inoculated with the American form at the experimental 
station died in from one to two weeks. The quite constant patho- 
logical change consisted in acute contraction or cirrhosis of the liver, 
followed by jaundice. The bacteria had been meanwhile destroy edy 
for cultures from such cases remained sterile. Feeding either in cult- - 
ures or in animal tissues failed to produce the disease. Schutz suc- 
ceeded, however, in producing pneumonia from inhalation of cultures. 
Our experiment failed/ perhaps, because the spraying was not con- 
tinued long enough. 

These differences, apparently very wide, may after all depend sim- 
ply tipon a difference in virulence; and it may be possible for us to 
obtain from other outbreaks a microbe which is as virulent as the one 
described by Schiitz. There is every; reason to believe that this mi- 
rcobe loses its virulence very speedily in artificial cultures. This may 
have modified somewhat the results, since several weeks elapsed from 
the time the cultures were prepared from the affected animals to the 
time when the pigs could be inoculated therewith, 

Schiitzf and others tare inclined to regard the microbe of Scliweine- 
56Mcte identical with the one which has been found to produce septi- 
cemia in rabbits. In this connection it is of interest to mention 
briefly some experiments! made with a microbe obtained from rabbits, 
which seems to be closely related to, if not identical with, the microbe 
of rabbit septiesemia as described by European observers, and may 
perhaps be a modified form of the inicrobe found in pigs. ^ This it re- 
sembles in form. and mode of staining at the two extremities, but it 
is, as a rule, somewhat larger. It also differs in forming a more or 
less complete membrane at the surface of the culture liquid two or 
three days after inoculation. In its effect upon animals,^ that upon 
rabbits is especially characteristic. It destroy s them within two days 

^'Tlie microbe obtained from Iowa is more virulent than this, and resembles more 
closely the German form. These lines were written before this had been investi- 
gated;- - 

% Huppe : TJeber die Wiidseuche u. ihre Bedeutung f in- die Hygiene, Berliner Mi' 

§ For a detailed account, see the Quarterly J(mmal of Comp. Medicine and Sur^ 
yerif for January, 18871 
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wlien iiijectod liypodermically. There is sliglit purulent infiltra- 
tion at the seat of injection, varying in intensity witli tlie duration 
of the disease. The baeteria are present in large numbers in all the 
internal organs, giving the disease the Gharacter of a true septicseniia. 
Fowls are insusceptible. Gf seven pigeons inoculated, three died ; of 
four guinea-pigs, one. Mice are less susceptible than rabbits, but 
more so than guinea-pigs. 

'We must regard this microbe as more virulent to rabbits and less 
so to other animals than the one found in pigs. As regards its effect 
upon the latter no extended experiments were made, excepting to note 
tliat doses of 1^** culture liquid produced no effect upon two animals. 
Pei-haps future experiments may throw more light upon the relation 
of thi^ microbe to the disease of swine, which we must consider, at 
least for the present, as a hitherto unrecognized infectious pneumonia. 

UNITED STATES NEAT-CATTLE QUARANTINE, 

Whole nmnher of cattle received at the various stations from January 1, 1886, to 

January If 188*7, 

Littleton Station. . .. . .. . . . 495 

Garfield Station . . , . . ... * . . 504 

Patapsco. 12 

. ' : " ■ : \ - ^ \ .1,011 

Table shomng the number of cattle received at the various quarantine stations for 
each month of the year l^Q, 





Littleton Sta- 
tion, Mass. 


Garfield Sta- 
tion, N. J. 


Patapsco Sta- 
tion, Md. 






78- 

m 




February . : . , 

Marcli\ . V ....... . 


41 
96 






■ - Zl 

er 

- 100 

m 

- 57- 

5 
25 
31 

4e 




May . . .... ; 


28 . 
19 


12 








August. ■ ; . 


62 








October 


120 
45 
84 
















495 


504 


12 





Grand total, 1,011. 



Table showing the different breeds of cattle and the number of each breed imported 

during the year. 



Name of breed. 



No. 



Holstein. 

Black Polled Angus 

Ked Polled Angus . . ....... . . 

Galloways and Black Polled Angus . 

Galloway. 

Jersey . . . \ 

Highland and Black Polled Angus . . 
Welcli-Dean . . . . . . . . . . .-. . 

Hereford :. 

Aberdeen- Angus i ..... ^ . 

Simmenthal ....... .............. 

Guernsey .......... ^ 

Normandy ............. 

Kerry .................... ...... . . . 

Danish . . ........ ... . . . ... ........... 



408 
115 
117 
75 

im 

47- 
44, 
13 
13 
IS 

4 
14 

1 
12 

1 



1,011 



No infections or contagious disease appeared among tlie anlm^ quarantined at the above stations 
4\iring lihe year. 
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DESCRIPTION OF PLATES. 

Plate L— Ulcerated c^cum of a pig inocute,ted with blood from a case of hog- 
cholera. The entire mucous membrane has undergone necrosis. Near 
the valve, in the upper portion of the figure, the early stage, that of 
ecchymosis, is still to be seen. The valve is slit open to show the intact 
mucosa of the ileum. This figure also serves to illustrate the appear- 
ance presented by the caeGum and colon when pigs have been fed with 
pure cultures, the only difi'erence being that in the latter case the necro- 
sis is at first superficial/ In the figure it involves th 
: of the mucosa,'' having begun in the submucosa, whither the bacteria 
have been carried by the blood. . 

Plate II.— Ulcerated csecum of a pig fed with viscera from a case of hog-cholera,. 

The caecum is slit open to show the raucous membrane quite uniformly 
necrosed, with isolated deeper ulcerations. The ileo-caecal valve is very , 
much thickened, the mucous membrane ecchymosed and ulcerated. 
The lymphatic glands of the meso-colon and in the angle formed by the 
entrance of the ileum into the csecum are purplisli, with cortex en- 
gorged with extra vasated blood. They illustrate the condition of the 
lymphatics of both thorax and abdomen in the acute hemorrhagic form 
of the disease. ^ 

Plate HI, Fig. 1.— Cover-glass preparations from the spleen of a rabbit inoculated 
with the bacterium of hog-cholera from Nebraska. Stained for a few 
minutes in an aqueous solution of methyl violet, mounted in xylol-bal- 
sal. Drawn with camera lucida, Zeiss -rr homogeneous, ocular 3. x 1110 
The bacteria are seen among diffusely stained cells. They are chiefly ; 
in pairs, in some of which the process of division is not yet compJeted. 

Fia. 2.— Cover-glass preparation from the liver of a rabbit inoculated with the 
miorobe of pneumonia in pigs. Btained in an alkaline solution of methy- 
lene blue. Mounted and drawn as stated in Fig. 1. The colored portion 
is confined to the two poles, the central region remaining colorless. 
Plate IV, Fid; 1.— Culture twenty-eight days old in a tube of nutrient gelatine of . 

the microbe causing pneumonia in pigs. The culture was prepared from 
the internal organs of a rabbit which had been inoculated from a cult- 
ure obtained originally from Geneseo, 111. 

Yia, 2.— Culture eleven days old of the same microbe obtained from Sodorus, 111. 
- Both natural size. - 

Fia. 3.— Colonies of the same microbe on a gelatine plate seven days old. x 60. 
-The pale peripheral zone, which appears after three or four days in beef 
infusion peptone containing 10 per '^cent. gelatine, together with darker 
granular nucleus, is very constant. 

Fig. 4,— Srelatine tube culture from the blood of a rabbit inoculated with a cult- 
ure of the hog-cholera bacterium from Sodorus, 111. , ten days old. 

Fig. 5,— Tube culture of the hog-cholera bacterium inocula,ted from cultures of 
the spleen obtained from Sodorus, 111., fourteen days old. 

In Figs. 4 and 5 the two modes of surface growth of the hog-cholera 
bacterium are illustrated, both distinguishable from Figs. 1 and 2. See 
: : Plate: Y.. ... 

Fig. 6.— Colonies of hog-cholera bacteria on a gelatine plate four days old 
xlOO. 

Plate V, Fig. 1.— Surface growth m gelatine tubes, enlarged two diameters. 

a. Bacterium of hog-cholera, growing as an irregular patch, flattened , 
with a jagged margin and occasional slender branches, and as a convex 
rounded head. 

b. Microbe of pneumonia, growing as a very thin pearly patch, with 
lobed margin, often showing faint concentric lines when viewed ob- 
liquely, a, twenty days old; b, twenty-six days old. 

Fig. 2. — Gelatine tube culture of a bacteriiim which resembles the bacterium of 
iiog-cholera very closely, but wdiich differs in its physiological proper- 
ties, and which has no pathogenic effect on animals. Found associated 
with the microbe of pneumonia in the spleen of a pig (Geneseo, 111.). 
_ Culture about a week old. The surface growth is very vigorous, cover- 
ing after a time the gelatine completely. The peculiar mesh- work shown 
in the figure is a constant character. 

Fig. 3.— Growth of the bacterium of hog-cholera on potato twelve days after 
inoculation. 
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Plate VI. —Coagulation necrosis in the liver of rabbits inoculated with cultures of 

V /'\ hog-cliolera bacteria. , : 

Fig. 1.-— Ceiiliaiic aspect of the liver of a rabbit which was f outicI dead on the sixth 
day after inoculation. The lighter spots are groups of acini destroyed bv 
^ the growth of bacteria, The larger patch to the left shows groups of 

acini in which the necrosis has involved only the peripheral zone of the 
/■■-.: acini,- - - : ^ _ - - _ . - 

Fig. 2,— Liver of rabbit which died on the eighth day after inoculation. The 
- caudal aspect is shown with two extensive patches of commencing ne- 
. erosis. In both only the periphei*ah zone is invoi^^^ giving the d lscoI- 
oration a mottled appearance/ 
Blates VII to IX inclusive.—Photo-micrographs of the bacteria producing hog- 
V, cholera and swine-plague. Mad© with the Zeiss camera, using the new 

V Ti apochromatic homog, immersion objective, projection ocular No. 4. 
Magnification 1,000 diameters. The preparations, stained eitb er in I^>is- 
marck brown or fuchsin, were mounted, in Canada balsam. lilumina- 
tion from an incandescent electric lanip. - 

Plate YII, Fig. 1.— Bacterium of hog-cholera. Cover-glass preparation from tlie 
liver of b rabbit inoculated with cultures from Illinois, Stained for one 
hour in an aqueous solution of Bismarck brown. 
Fig, 3.— Liquid culture of the bacterium of hog-cholera from Illinois. Stained 
in Bismarck brown. " 
Plate Yin, Fig. l.—Bactermm of hog-cholera from Kebraska. Fr(5m a culkire in 
beef infusion less than twenty-four hours old, inoculated from a colony 
ma gelatine plate. Stained for one hour in an aqueous solution of Bis- 
marck brown. _ 
FiGf. S.—Micrococci of swine-i)lague. From a culture in beef infusion about 
twenty hours old. This culture was obtained from a gelatine, tube cult- 
ure of effusion and plastic exudate in th e pleura i cavity, Ti < e lungs were 
extensively hepatizcd. Stained for one hour in aniline water fuchsin, 
Plate IX, Fig. 1.-— Cover-glass preparation from the liver of a rabbit inocidated with 
: a bit of lung tissue obtained from an outbreak of s^^ 

January, 1887. Stained in Bismarck brown for one hour, decolorized in 
i per cent, acetic acid for a few moments, : Note the polar stain; 
Fig. 2.— Cover-glass preparation from the blood of a pigeon inoculated from a 
. culture of the microbe of swine-plague from Iowa. Stained in aniline 
water fuchsin. 
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Sir: I beg to stibinit the following notes on matters pertaining to 

^ this division^. \ — ' , - . \ . . ; ; ' 

NOTES 01^ ORAKGB CULTURE, ETC. 

-Recent visits to Florida^ of the Department have en- 

aMed me to acqnire some knowledge of the^ soil, and produc- 

tions of that State; as far sonth as latitude 28 degrees. The following 
desultory remarks, the result of observations made, are offered for 
what they may afford in the way of answering some of the many in- 
quiries constantly being directed to this division by prospective cul- 
tivators and residents of FlorMa.' > 

iFor at least nine months of the year the climate over the larger 
portion of the State may be considered as being tropical, so that most 
of the vegetation of warm countries will find a congenial atmosphere 
during that period. Occasionally this tropical season is longer than 
that stated ahove, especially in the most southern parts; but there is 
a liability to a brief season of low temperature about the end of No- 
vember sufficient to in^'ure tender vegetation, although the weather 
may afterwards assume its tropical conditions for weeks. During 
; the winter months an occasional depression of temperature, running 
down to or below the freezing-point^ may occur at any time up to the 
end of February or later. These fitful periods of low ternperatures 
are very injurious to early crops of culinary vegetables, as well as to 
all plants w^ 

The early winter frosts are also hurtfur to plants which have suc- 
culent shoots not sufficiently matured to withstand the low tempera- 
ture. This is especially noticeable on young orange and lemon trees 
which have been subjected to constant culture or to recent applica- 
tions of fertilizers^ causing a stiip.ulation to late growths. Trees of 
any age, if so treated, will be liable to injury from slight frost, but 
when the shoots of the previous season on old trees are well matured 
they are not sensibly hurt by frosts severe enough to injure their 
matured fruits; but young trees are more susceptible in this respect, 
so that the management of young orange groves requires a greater 
degree of discriminate care and consideration than is necessary with 
trees of deciduous habits. 

Orange groves located in the neighborhood of Indian River have 
long been noted for their superior productions, and packages of 
oranges marked ''Indian River " command a higher price than those 
from other sections of the State. Inquiries have frequently been 
made with a view of ascertaining the cause of the reputed superior 
qualities of these fruits, but answers to these inquiries have not beerv 
explicit or satisfactory. A recent visit in that section of the State, 
and a studied inspection of the soil, culture, and general condition of 
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"orange trees in places wtere the products ^ere typical of the best 
results of the region; resulted in the oonviction that the superiority 
<xf the fruit%as, primarily, owing to the sheltered and shaded posj- 
tion of tha trees. The soil in not differ 

greatlyirom that in many parts of the State, although it contains a 
larger proportion of organic matter than can he found in numerous 
locatiohs where orange trees are planted, but even when this defi- 
ciency is supplied on lands openly exposed to sun and winds, the 
products will not generally compare favorably with those from shel- 
tered groves- so that the conclusion seems clear that the superior 
quality ci the frujt is owing to the fact that the trees producing are 
afforded an ample degree of shade and protection. It may further 
be presumed thaty in any part of the orange belt or climate where 
the trees are similarly sheltered/ fruits m^^ equally good 

in every particular. . : ; ■ V :^ ^ > : - 

In passing through the country the effects of shelter, especially on 
young trees, is everywhere apparent. It might truthfully be: stated 
that the best looking young groves are those which are best pro- 
■tected.--.. : : ^ ;\: __v _ . _ > ^ 

As the trees increase in height and expanse, they will, in a certain- 
degree/ shelter each other, and so far as they shade the ground and 
breaK the force of drying winds so far will evaporation of -moisture 
be reduced; but a recognition of all the facts pertaining to the growth 
of the orange would tend to the conclusion that the^ would be 
benefited by being- well sheltered;^ if not also partially shaded^, nx> 
matter what their age may be^ " " : \ ; . 

What might well be termed conclusiye evidence on tMs point is" 
aif orided by the localities in which" the sour or bitter orange has be- 
come naturalized. This ' plant asserts itself as an esxample of the 
"survival of ^ the fittest" of the Citrus family in this State, under 
strictly natural conditions of propagation and growth. 

There are, throughoiit pai*ts of Florida, extensive tracts of rather 
low lands, where the palmetto abounds and flourishes, interspersed 
with a variety of oaks and undergrowths. Here also is found the so- 
called wild or sour orange, luxuriating in and forming a part of 
the dense thickets, nourished by a soil rich in organic matter, and 
sometimes growing in places where their roots are covered with water, 
for weeks at a time. : 

■ Some of the most valuable orange groves in the State have been 
formed by a partial clearing out of these thickets, removing the tops 
of the wild orange trees, and budding the plants with: the best vari- 
eties of sweet orangos. Looking into these semi-naturalize groves 
we observe an indiscriminate asserablage of orange trees and tall 

falmettos, the latter towering above the former, which give evidence 
y the vivid color of their leaves and the brightness of their fruits 
that they enjoy the shade and protection thus afforded them. T^^^ 
fruit from these g^roves is noted for fine appeai-anee and quality, and 
if ihtermixecl with Indian Mver" oranges, the task of separating 
them would be difficult, if not impracticaMe. 

The Gomparative freedom from rust on the fruit produced in groves 
where the trees are afforded protection is worthy of speciaL notice; 
It is attributed to the ravages of a minute insect, but I find that 
many jjersons are undecided as to whether the insect is a cause or 
only a consequence of a diseased condition which has been produced 
by other influences. : ; - : 

If we now\ direct oux atitei^^ :to thousands of acres of young 
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orange groTes whicli may be fonnd thronglioTit tM State, planted in 
sandl soils on liigH pine lands, and contrast their condxhon and ap- 
pearance with those which have been described, the difference will 
be found as striking as it is apparent even to the casual observer, ^ 

In the preparation for planting an orange grove on pmelands the 
first prOGess is that of removing all the f orest trees, taking them np 
by the roots, and cleaning up the land so that it can be broken np 
with the plow. After thorongh preparation by plow and harrow 
the soil is ready for the orange trees, which are carefully setpnt. 
Without shade, shelter, or any kind of protection from the scorch^ 
ing sun and the arid breezes the young trees are subjected to great 
vieissitudes; When rains are frequent vegetation^roceeds rapidly; 
a week or two of dry weather intervenes and active growth receives 
a check for a time; the foliage of the young tree loses its vivid color, ; 
and this is considered as indicating the need of a manurial dressing; 
fertilizers of some kind are applied, rains follow, and growth again 
proceeds satisf actorily long as sufficient moisture is present m the 

fight sandy soil. ^ . , \ ^ 

This somewhat erratic condition prevails m a more or less cteoidea _ 
mahner diiring. the active growing period of the year, and may ex- 
tend into the early winter with but a slight lowering of the general 
suiamer teraperature, until a sttdden depressiGn is experienced, and 
the thermometer indicates that the freezing-poi^^ is reached. The 
temperature again rapidly rises, and the seordhing rays of the Sun, 
pouring through a cloudless sky^ produce disastrous effects upon the 
frost-bitten tender shoots and leaves^ - - - ^ : 

When young trees have been subjected to such casualties it is a 
difficult matter to prognosticate the extent of the injuries they have 
received; much depends upon the condition of the individual plant; 
but in a general way those which have shown the greatest luxuriance 
/will suffer most. Of course injuries from frost depend upon its 
severity. Six to eight degrees of frost may prove fatal, even although 
the plants may linger between life and death for a year or two. If the 
sap of the plant becomes, contaminated from that of the frozen shoots 
or branches, an early death is quite certain. 

A simple precaution, and one that may be looked upon as an effect- 
ual preventive from further; injury to the frost-bitten plant, is to 
remove the injured twigs as promptly as practicable. The longer this 
is delayed the deeper seated the injury becomes. The diseased por- 
tion will exhibit a discoloratioh in th^^ all such parts should 
be removed. . 

The following extract from a recent publication was communicated 
by a well-known horticulturist and successful orange-grower, and is 
worthy of the serious consideration of every person contemplating 
the establishment of an orange grove on iorest lands: 

I wish to say a word about the plan of deadening the timber instead of making a 
naked clearing, which is often referred to as a *' shiftless cracker way." I came 
to Florida many years ago with these same prejudices very strong against the 
" shiftless cracker^' deadening. I cleared off every iTee and stump and planted to 
oranges and lemons 25 acres of heavy pine timber. I think I have learned some- 
thing by experience, and I can now see that the " crackers" were right and I was 
wrong. ■ _ - , , 

A deadening is vastly superior to a naked clearmg m economy ana favorable con- 
ditions for the growth and health of the newly set^ove. 

As soon as the timber is deadened it ceases to make damaging drafts on the 
soil, and it makes a semi-shade on the ground very grateful to the young tree in its 
new quarters. It also breaks the sweep of the wind, and thus decreases the evapo- 

: M ag— '86 ^ : - : : ^ : / ^ 
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ration from tiie tree and the soil in which it is placed. After a while the leaves be- 
gin to come clown and cover the ground with a thin mulch, retainintj; moistare and 
protecting the soil from the blazing rays of tlie sun= A year or more later the sinallor 
twigs and iragnicitits of baric are added to tlie leaves, and when the ground is plowed 
a most vakiahle dressing of vegetable matter is incorporated in a soil whose t^Teatf^Bt 
want is humus. At the end of three years your grove is well estabhshed and tlm 
decaying timber begins to be dangerous. Then chop it down. All tlio braju Jiea 
and much of the bark will break into fragments so snaall the plow will disnose of 
them. Out up the bodies in some ten-feet lengths and pile them in the checlcH rmd 
way between the rows. In three years more the sap wood and a larj^e i>ai't of the 
hearts will be thoroughly rotted and can bespread and plowed in iike a mannro 
pile. Those hearts that remain isound are valuable for posts, rails, andfueL The 
cost of clearing a lot after it has been dead three years is about two-lif ths of th(^ co^^t 
of clearing green timber^ In fact^ the interest for three years on tlie cost of clear- 
ing green timber wili nearly clear the deadening. 

But, after all, the great gain is in the superior vigor of the young grove the first 
few years and the gi'eat -improvement to the soil by the shade and added humus. 

There are many hundreds of acres of young orange groves wliicli 
would be greatly assisted by the introduction among them of some 
kind of tree for shelter. Additional trees would involve additional 
expenses for mauure; the trees should therefore be of such Irinds as 
would afiPord some remunerative crop. Peach trees and Japan per- 
simmon trees might} be tried, although an evergreen tree would be 
more valuable. The Lo.quatyknownmmany localities as Japa 
having heavy evergreen foHage, would afford, effective protection; it 
Is also much }iardier than the orange. Perhaps the olive tree mi glit be 
profitably employed. Of course any tree^ used for this purpose would 
be; removed when their presence was no longer required. 

PLANTiNa A GEOVifi. — There are numerous methods in vogue for 
establishing an orange grove. That most widely adopted, according to 
my observation, is to set out trees three or four years from the seed. 

These are produced from seeds which have been saved from good 
Idnd&j so til at, in the event of the trees not being budded, they will 
produce fruit of at least average merit. It is well ascertained that 
the orange reproduces its kind more closely than does any other class 
of long-cultivated fruits; but there is still much difference in the qual- 
ities of oranges from groves where the trees have not been budded, 
a fact which purchasers of these fruits soon discover. It is ques- 
tionable if this method is the best tliat can be followed for either of 
the two purposes in view; that is, whether these trees are the best for 
budding, and, again, whether it is advisable to trust to seedling trees 
for the best marketable products. ; 

Trees of the ages mentioned are too old to be set out for hudding. 
After being set out the;^ are usually allowed to establish themselves 
for some time before being budded. By that time they have made a 
well-developed top of small branches, all in a healthy and vigorous 
conditioUo 

^ The trees are budded in their main stems at points varying in their 
distances from the ground, .and seemingly as found most convenient 
to tlie operator, and after the bud has well started the entire toj) of 
the stock is removed. This is a severe check to root extension, TJ le 
plant will make efforts to restore the former balance wliich existed 
between the roots and the leaves l)y throvmig oat yoinio; slvoots or 
suckers, whic]], riglit or vmnig, are promptly rein oved, thus thro 
ing the wliol^- force of tlio pianb into the gi'owth of one slioot, wlVich 
progresses rapidly, producing largo leavcB and a bulky succulent 
shoot; a condition which maintains until its grovrth is suddenly ar- 
rested by cold nights, and if frosts occur tho results are disastrous. 
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There are tioiisands of OTange; trees in Florida, to my personal 
knowledge, whieli are in stmiitad, SGriiK)y^ondit]x>n to 
: as tiose; outlined above/ ^nd wMcli shonld/as a matter of pure eoon- 
omy, -be removed at once, and their places supplied by a hetter clms - 
; of plants.;- : > : . 

The best class of trees are those which are: produced by budding 
healthy stocks not more than two years from seed^ and when the 
budn hare :>ii;rIo- a grovrth in the nursery the trees will be in good 
condition for permanent planting". In some countries the orange is 
mainly propagated by grafting I in Florida it may^ be gaid that bud- 
ding is the oidy method pra(3ticed. / . 

With regarci to the relative merits of the sweet and the sour orange 
as stocks opiniGns are varied. The sour stock is regarded as being 
more hardy under low temperatures, and as withstanding greater 
extremes in respect to wetness or dryness of soil. The opinion which 
is sometimes mooted, that the sour stock impairs the sweet flsYor of 
the fruit, does, not' seem to be of much importance; since it is well: 
known that sonio of the best fruits are produced on these stocks, 
Some grow'^ers e^^^^^ indifference as to the kind of stock they 

used for budding upon, but the preponderance of answers in reply 
to interrogatories on this point was in f ayor of the sour stocks 

Northern oreha^^ to procure their 

young fruit trees from reliable nurserymen whose business it is to 
propagate and supply such trees^ healthy as to vitality and authentic 
as to name and character. Promoters of orange groves will ultimately 
learn that it will prove most economical and in every way to their 
advantage to procure their young trees from similar sources, 
\ As to trusting to seedling trees for the best marketable. prodiictSj 
it is found that opinions do not vary so much on this point as they 
did some y:ears ago. Consumers are learning that there are differ- 
■ences in oranges -.as- "there are in. apples^ p and other fruits, and 
shipments of choice named kinds will take precedence over those 
which contain fruits of various merits as gathered IndisorimmaMy 
from groves of seedling trees and whose uniformity cannot be guar- 
^anteedL ■ : . .-. - - . 

The pineapple cannot be considered as a perfectly safe field ofop in 
Florida nortii of the twenty-eighth degree of latitude. Its cultiTE- 
tion is sometimes attempted a full degree north of this limit with 
winter prGteetion, and unless the thermometer sinks below 30^ they 
wiU pass through the winter unhurt. Being allowed ample spdoe and 
freely manured the plants attain large size, and produce fruits frora 
; 4 to 9 pounds in weighty varying aecordi^ 

Pineapples are commonly protected by erecting a horizontal plat-, 
"form of small poles or laths, supported by posts, and elevated high 
enough so as not to interfere with the upward growth of the plants. 
This platform is closely covered with palm leaves during winter, and 
forms a good protection against light frosts. A slight shade is al- 
lowed drikng summer. /This, i^ enhances the value of the 
fruit, causing it to be more tender and juicy than it would be if ex- 
posed to the full force of the sun throughout the summer. The plants 
are usually grown in beds 8 or 10 feet in widtli; the. covering is thus 
^easily applied.^ :- ""^ \ ^ \ Z:^ : : V V V - 

Sorth of the latitude mentioned pineapple production in the open 
field does not appear promising^ unless in exceptionally f avored places 
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and under tlie best conditions of cnltxire. In the plantations visited, 
on an island near the southern j unction of the Indian and Banana 
Rivers, the plants appeared to be set about 18 inches apart, in masses, 
thns preventing effective cultivation. The brown and bleached 
aspect of the leaves indicated injury from cold weather. The fruits 
are mostly small, and having to enter markets in competition witli 
fruits of the same kind imported from the West Indies, which some- 
times sell at prices not much above those given for the best oranges, 
the profits are not encouraging. : : 

When the plants are allowed space for full development, and due 
attention given to the slight protection necessary during winter, fruits 
weighing from 6 to 10 pounds are produced, and these command remu- 
nerative prices* 

THB JAPAN PERSIMMON, 

In the spring of 1863 the Department received its first importation 
of seeds of persimmons from Japan through the agency of the United 
States legation in that country. With the view of testing tJieir adapt- 
ability to our climate, these were sown in the open ground in drills, 
similar to sowing peas. They vegetated freely, and the plants at- 
tained an average size of 1 foot in-height the first year, many of them 
reaching over 18 inches. They were slightly protected by covering 
the soil With loaves and strawy jnanure durmg winter, - It was ob- 
served that the plants varied in their capacity to resist cold, the 

' severest temperatnre of the season being 4 above zero. As growth 
Mvanced it was found that a small percentage ^ the plants were un- 
injured; the majority were killed to the surface of the ground, and all 
others completely destroyed. Snbsequent importations of seed, when 
planted and grown under similar conditions, showod similar results, 
thus indicating that varieties differ in their ability to resist cold. 

Some years after the first importation of seed it was learned that 
grafted plants of the best-selected varieties could be obtained in Japan 
from reliable sources^ A small invoice of these was secured, and a 
■ niimber of the plants set out in a sheltered spot, with results similar 
to those experienced with the plants raised from seed. Some reached 
a fruiting condition, although ' more or less injured during winter. 

- Finally, during a winter of unusual severity, here, when the ther- 
mometer indicated-15 -below- zero, they were aH killed by the extreme 
cold, - . 

The first effort toward propagation was in attempting to bud. these . 
foreign kinds {Diospyros Kahi) in stocks of the native persimmon 
{Diospyros Virginiana), This was not successful; GTafting was 
then resorted to. Young stocks of thenative persimmon were graf ted 
near the ground with success. T:h progressed favorably, but 

: they were destroyed by the severe freeze mentioned abovOi Only the 
native stock remained alive, the graft having been killed to the point 
of junction. 

These experiences naturally led to the conviction that the Japan 
persimmon would not be a reliable crop in this district. 

So many plants from Japan proving hardy enough to withstand 
tbe colds of northern climates, it was hoped the persimmon of that 
country would flourish wherever our native persimmon existed. The 
^ Department, however, carefully refrained from recommending the 
introduction of the best-selected varieties in northern climates; its 
experience with plaints raised from seeds suggested caution in this 
respeetc 
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The Japan persimmon may be considered as safe wlierever th 
diameter does not indicate a lower temperature than 12° ahoYO zero. 
About Nraf oik, y a. , and southward along the coast, it flourishes and 
produces abundantly. In the Southern States it does well everywhere 
and is rapidly gaining prominefLce. Its introduction as a profitable 
plant is extending throughout Florida^^^^^^ well as in other of the 
Southern States, where it promises to be a fruit of some commercial 
importance in the near future; 

The nomenclatiire of the imported varieties is, at the present time, 
quite confused. The same varieties have/ from time to time/been 
received uncler different names, ^^a^^ some time must elapse before 
these mistakes can be coiTected and the various synonyms properly 
located/ V - - ~ ^" : 

No. Hi of the United States Gonsular Reports contains oxtensive 
remarks on fruit culture in the several countries. In connection with 
the foregoing notes on c^range groves I submit the following extracts 
on orange and lemon cultur e, taken fVom the above official corre- 
gpondenae, as giving a brief exposition of the condition of this industry 
in foreign countries, and perhaps affording useful hints, which may 
be of seryice to those seeking infonnation on the subject* 

LimeR. — The varieties of the lime are the Jewish lim©y which bears a small coniGal 
fruit; the Genoese lime, bearing a large fruit, and cultivated along the Ijigtiriaa 
coast; the Salo lime, cultivated at tJiTi,_at Pegli, and at Finale Ligure; the Floren- 
tine, a hybrid of lime and lemon, cultivated M Toscaay suid liguxia; and the Monster 
lime, which is only slightly cultivated. 

XemoTis.r— The varieties of the lemon are the Genoese, whose fruit will stand tha 
longest transportation; the Garden lemon, which can be forced, bearing a hardy and 
durable fruit; the Bergamot, a small round frnitjwith a smooth thm rind, haying 
the cells containing the essence of bergamot (this variety is cultivated at ReggiOy in 
Cala^bria, aiid in Sicily); the Neapolitan, a Bmall greenish fruit, very rich in iuice; 
the Mela-Rpsa, a smaE^ta rind the lines marking the divisions of 

the lemon; and the Paradise lenion, whose fruit is very large and much used in con'= 
f ectiohery/ This latter is cultivated in the gardens of Genoa. " _ 

Oranges. -—The strong or sour orange j Melangola (Citrus Bigaradia vulgaris^ pre- 
sents many varieties. The fruit Called Adam- s Apple belongs to this clasSi The 
principal varieties of the sweet orange ajralilie red-juiced orange, the doubie-flowered, 
and the variegated. The culture of thei Maiidso^m is jsprea^ rapidly in Sicily and 
on the Peninsula. ; ■ " ^ ^ ^ - 

Planting und cwZ^imiio^i.-— The trees are planted on the seashore, in valliBys, on 
plains, and on hillsides. The best results are obtained in those lands lying near the 
shore. Trees are gro^vn even upon the sands deposited by the waves. They are pro- 
tected from the cold sea-breezes by close hedges, walls ^ or netted trellises of cane, or 
by a thick growth ot treeSj especially poplars. Generally speaking, irrigation is in- 
dispensable for obtaining an abundant yield of fruit. Water is provided in various 
ways— by damming up springs, digging wells, making reservou-s, and by artesian 
wells. The w-ater from wells is tempered by exposure to the air before using it for 
irrigation. Olives are frequently grown together with oranges and lemonSj and are 
useful to these latter by reason of the shade afforded and the resulting increased 
dampness of the pounds. 

During the six or eight ye^s succeeding the planting an orange and lemon orchard 
the ground can be used for gTowing vegetaMeSj^ as the consequent manuring and 
wateririg favors the growth of the trees* = - . . ' 

■ ' ; " JAMBS FlJlTdlm. CONStFLj 11^^ . 

Oranges.— -The varieties of oranges generally cultivated in this province are the 
Mandarin, the Melangola of China, and the common Sweet. 

Citrons,-^Two kinds of citron s are cultivated « The iSwgosa, having wrinkled fruit, 
very good for preserving, and the Oedrntoy a very precious and ai'omatio fruit, also 
good candied. 

ismom,--^The beet ar@ the Trnm^ m lmmsk-oi gmiM tmd^ £rmt la aeMVMI 
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t^der for transportation; iM Oblmgmrhmx oblong lemon, consida^ed very valuable 
on account of the quantity of acid it ^c^^ 

Pimitmg m.d mltwaUon.^—B&i^ manifested itself it was 

preferred to multiply the trees by Mr j^ shoots in the ground at proper 

distances^ these slioots soon took roGt. Bi^t now the seed of the sonr- orange is. ^ 
planted, into "whichs when the plants Jiave grown to a proper size, the kinds desired 
are gmfted. ; - ? ; : : : : : \ 

Orange and lemon brehard^ in Ogdria are all on the seaeoast. Flat and hilly 
landa orchard are alike protected % lofty mountains from northern winds, 
praiige and lemon ^we^ can be and are GultiTated inland, but the temperature in 
such places nnist not tmch h^hOT than 104* in summer nor lower than 33° F. in 
winter/ Inland orohards usually do well around lakes on account of the constant 
ellBiate; GroTes ar© also to be seen on table-lands* but always on the south side of 
mountains. Bearing trees need a da if the land does not contain suffi- 

cient moisture it is impossible to obtain a good crop, Gn naturally dry soil, there- 
fore^ water near by is x?f great Ta to 

Orange and lemon grovel, on account of the irregular formation of the surround- 
ing country; are necessarily small, and they are owned by many people. The soil 
on which groves are planted is wliat the ItaEans term strongs and it is claimed for 
it that it retains moisture for a long time/ An idea prevails that springs are of no 
great depth, and that the water courses through the earth at no great distance from 
the roots ^ and surf ace waterings are not needed. At Nervi, a few miles along the 
coast from &enoaj orchaMs thrive mth but little^i and this state, of afeirs. 

is noticed ev% in the driest seasons, have strong soil, as above 

mentioned y and are raoistened by an unseen water-course, they will prove unproflt- 
able if the owners do not nourish the roots as of ten as once in eight days. 

Oranges and lemons are not raisM m such quantities in this consular district as 
to admit of ]iii:ge exportation* ^ ^ ^^^^ ; 

aEORGE -BAYSONj: CONSULAR AGENTs MAHSALAj ITALY. 

Oranges. --^f he varieties grown a*e Manda£rins, Vanig^ Blood, Seville, and com- 
mon Sicilian, of which the Mandarins are considered the most valuable. The trees 
are -produoed from seeds of the bitter brarigei and budded with selected varieties 
afterwards The trees are troubled with Hce, to destroy wliich flour of sulphur is 
ttsed. The gum disease also affects the trees^and /this is Jt5m*ed by peeling off , tlia 
bark whichlias becpine diseased. Tfees do best at a distance from the sea? where, 
sheltered from* aU strong winds, yieldmg bas^^^ Ho orange orchai'd here 

tiiFiyes near the Bea^ a mile or two of the seashore, 

toe groves are watered by artificial means^ and up to the age of five or six years 
proprietors generally grow v%eta the rows of trees. 

Orange and lemi^^ five years after buddingi 

after that, if healthy and weU cuItivatiBd, eacli tree to produce one 

thousandv^ .■■■■r::^--'^^^ '-.-. 

The cost of cultivation is dif^^ it is veiq?^ much dependent upon 

facilities and arrangements for watering, Tlie av^Oge cost 2^ calculated at 
$80 per:acre peir-ai^^ 

Om-fi^em--»0f these there are four varieties the Bound and Oval, the Mandarin 
and the Bitter^ The oval is preferTed for eofiomerce, being more durable. The round 
is sweeter and larger. These two kinds ate the fruit of export. The mandarin is 
more perishable, and is used for home consu&Lption. Tie round orange begins to 
ripen in December, the oval in Janua^ 

The bitter orange is very hardy, and is grown for the purpose of propagating the 
other varieties by budding or p'af ting them upon its stooke Itsfruitis used for the 
manufacture of preservea. 

Orange and lemon trees begin to bear full crops when they are from ten to fifteen 
years okh Some say that the orange and lemon budded upon the bitter-orange stock 
will remain fruitful from one: to two oenturies; others say from fifty to a hundred 
years. When not thus budded upon the bitter-orange stock, but raised from the 
Beed, the trees are short-lived. They become diseased; a g*ummy substance exudes 
from tkemr a disease cankerous in its nature attacks the wood, and they soon die. 
The budding process is generally in 

Mcm^mg oMd m^^ process of storting an orange or lemoh: grove is 

commenced by first planting seeds of the bitter drangej and when the young ptots 
one year old they are trwagpteted ^ mm^ mwB, W^a bat« p^m 



to Tte aboiit i iiicli in diameter tKey are remot-ed and planted where tliej are to 
remain^ "When they become wellrc>oted and growing they are budded with selected 
varieties; ^wo bnds are geiieraliy inserted ^ an opposite Bides of the stock. 

Orange and lemon trees grow lummantly in the valleys, and fringe the sea-coast 
almost to the %atet line. Those orchards yield the best results which are most dis- 
tant from the sea and are not of Snellen altitude as to be aft'ected by the frost. jThe 
rich valleys above the sea level, wherean abundance of water can be had for irrigation, 
abound in th© best orchards* The trees near th^ sea are more liable to disease, and the 
quality of the fruit is not so good as that of the o 

Artificial irrigation is necessary in this climate. Streams that tumble down from 
^tna are utilised for this purpose/ Where this is impracticable, water is elevated 
fromweHs by power* 

The ground of the orchards between the tees must be cultivated j it is necessary 
that the ground be kept perfectly clean. The ecil should be worked at least five 
tiraeiB a year, commencing in March aM ending tu Oct^^ . _ 

The Sicilians regard the month of November thebest time for gathering the fruit 
for export. The fruit is carefully picked from the tree by hand, caution being 
exercised not to injure it by rough liandling. The f rait is gently placed in a basket 
lined with clotli. The box used here is geMally capable of holding from^SO to 800 
fruits, there being a partition in the center. It is lined with common silk paper. 
Each individual fruit is incased in the same kind of paper prior to boxhig. The 
boxes are not made air-tight, but interstices are left between the boards for ventila^ 
tion. Lemons gathered in the month of November and thus boxed are supposed 
to keep without spoilingfor sis months^^ Oranges i^ill not keep so long, ^ The boxes 
are occasionally opened and any infescted fruits removed; especially is this done just 
prior to Aipment. 

^ 1883 and 188B there were e^ to the IJmted States froni 

Catania 469,964 boxesj of Which the invoiced vEtltie was |765,512*56, 
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■ iemows.~The lake of Gar da, the largest of the ItaJian lakes/ while ^penetrating 
with its northern extremity far into the mass of the Grreat Alps, opens out into the 
j)lain from the south with barely the difference of level necessary to contain its wa-^ 
terBj aiid the more completely it allow^ the\wato-air o the plain to penetrate into 
its deeply enibedded mountain recesses the more completely is the tepid element 
sheltered and isolated from the colder currents of the north. Bathed in this genial 
-atmosphere, the precipitous shores form a range of natural espaliers, exposed to the 
southern sun in all its course and enjojdng a climate of their own, where the cul^ 
. tivation of oranges and lemons has been a profitable industry for several centuries. 
It is on:the western shore of this lake, in the region of Brescia, that both fruits are 
produced with success, while to the easty and properly witHih the Veiietiah t^i- 
tory, the leiiaon only is cultivated to any extent for commerce. 

xAn analysis of the trunk and fruit of the leinoii shows in the finiit the presence of 
4t.48 per cent, of potassa, 23.82 percent, of lime, ahd"ll»07 per cent, of phosphoric 
acid; in the trunk, 55,13 per cent, of llme,11'.09 per cent, of phosphoric acid, and 
14.1'6 per cent, of 

Culture md propagation.-— italj is not the natural home of the orange and lenion, 
for while they thriVe well in the open air during summer, they require protection 

ih winter.; : - - ' :^ - : _ - - 

Propagation is commenced by sowmg orange seed in rows, and the young planip 
are grafted with good varieties. Great care ii given to the preparation of the soil 
where trees are to be transplanted^ A broad ditch is dug out the whole length of 
the proisosed line of trees, and the earth is broken as finely as possible. The plants 
are removecL with a mass of earth adhering to their rbots. - The young trees are shel- 
tered during the winter, and a portion of manure is well worked in about the roots 
of the trees in spring. The yield here is precarious, and is always liable to be pros- 
trated by any extraordinary severity of the season. It is estimated that the average 
yearly yield is 500^000 lemons, worth about f3s^^^^^ 

R10H1.EB LOWENSTEIN, CONStriiAB mmTf GBAO, SPAIN, 

The system of propagation adopted in this province is that grafting on stocks 
of the bitter orange. The buds for grafting are taken from the center of the tree, 
as it has been found that if taken from the lower part the branches of the tree pro- 
duced always incline towards the earth, md ypung tmgs are not liked, as they pro- 
dace la^ge trees, beaa^^ biit Mttl© frid^ 
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With regard as the trees are bare of friiit the pruner coni- 

Baences his work. Ail dead branches are cut out, as also ai^e all rickety shoots and 
the crooked branches which cross one another/ the prunmg is finished the 

surface of the soil is manured and cultivated and the ground irrigated. The soil 
between the trees is plowed slightly twice during summer, but not after the month 
of October, when the fruit Mgms to turn yellow. If the weather be cold the grove 
is iriigated, and thus the trees suffer less. As ^o irrigation: in general^ it is the ex- 
perienee of cultivators about Valencia that the groves m four to five 

weeks during the summer season without beuig irrigated» In the whiter the ground 
can be well left for eight or nine weeks without irrigating. 

Among the diseases of the orange tree the Jfarde l^oma^^ to be feared. 

This disease consists of a g-ummy oozing, generally occurring either in the spring or 
in the autumn. It attacks either the trunk: of the tree just above the surface of the 
soil, or else the roots themselves. This disease Gommences to show itself by some 
drops of gurn appearing on the trimky which still appears sound; but this spilling 
continues increasing, the bark is perforated, and the flow of gum augments, being 
fluid, turbid, and grayish in color; the bark then raises, diying or rotting on the 
roots, and the plant, which commences turning yellow, weakens and dies. 

Recent studies of this disease have jffoved that its existence is to be attributed to 
a microscopic fungus belonging to the ^oup of spheroids^ The best remedy for it 
is sulphurous acid, mixing 15 biilks of the acid, concentrated at 66° Baume, with 
lOtthters of wa^er* . /"\ : ■ -. ; ^ ■ \ : : -_ . " "^ 

The orange tree, vrhen raised from a cutting (which is. the most usual mode), comes 
into bearing five years after planting, though the acme of productivity is not reached 
with most varieties before some ten or twelve years more. How long they remain 
fruitful is an undetermuied questioni that is to say, when the trees are in favorable 
environment and well cared for. : There are in the garden of the Alcazar, at Seville, 
several orange trees yet in bearing to which very old age is attributed, one being 
said to have neen planted at the time of Kin^ Pedro l, about 1350 to 1366; several 
others dating from the time of Charles I areiin abetter state Still. The age ascribed 
to them is about tbree Mndred and forty 

Propagation and cultivation. — The trees are occasionally raised from seed, but 
this mode, although practiced by careful growers, is not g^^ to in this 

. district on account of the longer time required in bringing the orchards into bearing. 
In Seville and adjacent provinces the seed of the sour orange is preferred to ail 
others, aS; it appears to develop more rapidly? the trees thus raised are used for 
stocks upon which selected varieties are grafted. 

The geheral modie of prdpagation is by cuttings. Large fine twigs of the previous 
summer's growth are planted, either in November or hi February. In Western Andu- 
lusia the cutting is originally chosen from the variety which it is desired to repro- 
duce, and of course no grafting is necessary. In Valencia^ however, and adjacent 
districts the cuttings are taken from kinds which are considered best for stocks, 
and these are grafted or budded with the best-selected varieties. 

The orange tree, which iii the interior of Andalusia is hardly found beyond lat- 
itude 3T° 80', thrives on the Mediterranean c^ Spain up to 42°. This is Ex- 
plained by the well-known moderating influence which tlie vicinity of large bodies 
of water has upon the chmatcc It is generally admitted that oi'ange culture cannot 
well be carried on where the mean winter temperature is much below 9* to 10° C, 
or where a fall below —4° G. is experienced. There are some very fine prolific 
orchards in the rear of Tarifa, on the Straits of Gibraltar, as well as on the delta and 
the lower reaches of the Guadalquivlt . On hillsides or uplands the trees thrive 
well, provided the altitude is not such as to act virtually in the sense of latitude. It 
is also considered desh-able to have the trees sheltered from very strong winds from 
any quarter. Very steep hilMdes are an undesira^^^^^ location on account of the in- 
suificient retention of moisture; very low grounds are open to the contrary objection^ 
and though large yields are frequently made in such localities, the trees axe apt to 
suffer in wet seasons, -and drainage is us^^^^ - : - 

Orange groves in Western Andalusia require h-rigation during the hot season oA: 
intervals varying from ten to fifteen days,; according to the greater or lesser porosity 
of the soil. The first hrigation commonly takes place after the dropping of the 
blossoms, though many practical growers recomm.end that it be not be^un before 
July, alleging that irrigation before that period is .generally hurtful. ' Irrigation's 
to be discontinued in October. 

March is the month when plowing is first done in the orchards, at which time 
the irrigatihg ditchea ac© r<^tca©d or renewed^ Th© Becoad plowing takes place at 
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the end of May. In August the soil shoidd be process to be: 

repeated in September or October. The best growers^ff ect the use of the harrow 
after each plowing, as it leaves the soil in a mellower condition, breaks up the clods, 
and destroys the weeds. 

The raising of successive Grange crops year after year must necessarily end in 
withdrawing from the soil all available material for such culture; hence the atten- 
tion of a-gronomists has long been devoted to devising means for ascertaining the 
exact nature of the constituents withdrawn, as well as the best mode of resupplying 
the soil with such constituents or their equivalents in an assinnlable form, Tlfe 
following analysis, taken from a recent treatise by the well-known Spanish agron- 
omist, Don Luis Maria IJtor, show what these constituents are and their relative 
Quantitativ© proportions. The asbies of the fruit of the orange tree show the follow- 
ing constituents: Potash, 20.15; soda, 10.33; lime, 30.13; magnesia, 9.02; phosphoric 
acid, 20.04; sulphuric acid, 1.08; siUcious a<3id, 4.50; o^^ residue un- 

accounted for, 0.62. 

The ashes of the trunk, branches, and leaves of the orange tree show the following 
constituents: Potash, 14.15; soda, 16.67; lime, 31,57; magnesia, 10.64; phosphoric 
acid, 18.82; sulphuric acid, 4.89| silicious acid, 2.82; iron and unaccounted residue, 
■0.44..- - 

The yield of orange trees, admitting all other conditions to be equal, must neces- 
sarily vary accordtug to age and kind. In Castellon the product is stated at from 400 
to 500 oranges per tree at ten years old, but full productivity is not reached before 
sixteen to twenty years. Very large single trees give occasionally extraordinary 
yields. There are in the province of Seville two colossal trees, known as * * Los Mi- 
gueletes^" of which each has been known to yield up to 88,000 oranges in one year. 
Large aiid robust trees freq^Uently yield from 2,000 to 5,000 each, but, on a large scale, 
frona SOO^to 1^000 per tree is all that be assumed as a fair average yield, 

H. 0» MARSTON, COimUL, MAIACU^ SPAINo 

Oranges and lemons.~The trees are grafted upon stocks raised from seed from the 
sour orange. In the orchards they are planted about 24 feet apart. The orchards 
itre inland, valley, and table-land, and and table-land yield the 

best results. The nea>rest orchards to the sea-coast^are from 4 to 5 miles distant. 

Artificial irrigation is commonly practiced and various methods are in vogue for 
distribution of water. The ground used as orange and lemon orchards is always 
cultivated for the growth of garden vegetaM for cattle which is to be 

exit green (mce or twice a year. 

In the best orange orchards an average crop would be from 80,000 to 100,000 oranges 
per acre per annum, the proceeds of which would amount to, in the orchaxd, from 
:|mto$m /- . : 

S. W. DABNBY, WNBDIt/ E^^ 

Oranges and lemons.— The lemon, never raised in large quantities in the Azores, 
has become quite extinct as an article of trade, in consequence Of the liability to dis- 
ease of the tree-roots. 

The orange of the Azores, the China orange, is a fine fruit, but of so perishable a 
natur6 as to be incapable of resisting a to 

In FayB.1 and Terceira it has ceased to be exported, not being able to compete in 
price with oranges sent from other countries in the markets of England, the only 
markets really within the reach of so delicate a fruit. 

At the island of St. Michael, which has always been immensely in advance of the 
others in point of (quantity produced and exported, the trade, although yet an im- 
portan^t one, has diminished very serioudy^^ 

The vaneties preferred are the Selecta and the NaveL They are grafted upon 
stocks raised from seed. 

The orange tree at St. Michael appearato be subject to a drying up of the branches 
without any apparent cause and without the presence of any insect or fungus, and 
no remedy has yet been discovered for this disease. 

It is customary to set out orange trees about 25 feet apart. The best orange gar- 
dens are some 2 miles from the coast line. The spaces between the trees are some- 
times filled with corn and vegetables , but the more sagacious cultivators abstain from 
this. Where the garden is devoted exclusively to oranges it is hoed twice a year, 
but as a rule not manured, and never irrigated. I 

The Azorean orange has been, with few exceptions, packed in corn husks, it being 
found that, liable as it is to decay, the husks, being thicker and fii'mer than pap^s 
protect tha sound ones iiror© effectiv^^ 
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Tile wil of'tMge:islaads,:thoilgh gene^ is fairly prodiiotive if fain does nofc 

Ml tcDo iimcli dming the summer=m(mths? and it is observed that the best omngep 
are raistid on imher a sandy soil; those fromTiG^^ feeing tM<3ker«Mnned and 

defici©Dt iixlfeA^Qr. : ; :/ _/ / '\ V : - - 

The climate is decidedly a damp one, bnt equable in terhperatiire. The mean an- 
ntia I tem:^eratuTe J deduoed from three daily ol>sefVati6ns of a Fahrenheit thermom- 
eter properly placed in the ghadBj I found to bej62%the Jiiasimum obBerved bemg 
80'' and the minimum 44°. : - ; ; ■ . _ _ 

; - : a H. KBAP,:C0NStJIfK3E]^^ " 

Omng£s and Umom:-^l^^ orange and lemm are p'^ted upon seedling stocks of 
the wild orange, as it has been found that the wild tree bears the c^^ The 
trees are usually planted about 18 feet apart. Orehards and orange gardens are to 
be found thrivmg in almost every situation for the cultivation of the grape, but they 
give the best results when situated on hillsides or gentle slopes ^ where, together with 
a good supply of moisture underground, they are exposed to a gentle heat by day,^ 
aiid fresh cool breezes by nigM, They never pr^^ ground is 

damp for long in the summer or is not properly drained. Both oranges and lemons ■ 
thrive on a rich soilV and succeed well on strong clay with moderate care and atten- 
tion. ' \- : 

Although it is not the best situation for them, both lemons and oranges can .be 
grown close to the Boa-coast ; they iiourish almost anywhere long aS: then: roots do 
not Gcme in contact with salt water=^ V ^ - " \ 

There is a system of irrigation in general use. When the trees are young they are 
geneMly well watered by hand dm-ihg summer if . " 

Oranges, when gathered for exportvsfe quite iipe. Those fully formed 

and with the color just turning from! green to yellow are chosen. They are wrapped 
m fine paper or in the husk Of Indian corn; A. tree 20 feet in height and occupying a _ 
space of about M feet in diameter will frequently 3,000 to 4,000 oranges 

amiually. Many trees live from one hundred to one hundred and fifty years. As 
lemons are more profitable to grow than oranges j on account of their keeping quaU 
ities and their being less liable to injury during voyages, their cultivation is pre- 
ferred in many parts of the Levant, The lemons are gathered green; the finest are 
picked out and packed in eases eontainihg about 420 fruits; also in boxes, three of 
Which^e equal to two cases, each lemon being separately ^Tapped in priper. : 
- The little islan^i of Andrbs produces 10,000,000 of lemons annually ; t tioy are ex^ 
ported to Constantinople, the ports of the Black Sea, and those of the Danul.>e, real- 
izlng an average price of |4.E0 to |5,75 per 1,000; A similar quantity of exodlent . 
quality is exported from the larger island of Oaio , wh^ they are gathered m May, 
^and: a "second crop in November and Decenibe^^ . . : . 

Great numbers of sweet lemons are grown in the islands of the Archipelago and 
the distriGts around Smyi-na. The juice of these issweet, and is much used by calico 
printers in patterns with dyes containing; iroUi to produce gre^to* oleiu^ness in the 
whiteparts. ^ ^^^^ ^ ^ ^ ^ - \ . , v 

The greater part of the oranges are grown in Oandia and m Syria, especially m 
the neighborhood of Jalf a. In Paros, Mitylene, TenedoSv and Samos both oranges 
and lemons are largely cultivated for exportation. The dried and candied rmd of 
thebitter orange, known as orange-peel^ - is largely us^ 

%'^ery variety of orange and lemon tree is pown here, but the most valuable are 
the Parakila orangetrees, so-called from the tillage Parakila, and theKau orange 
- trees/so-called from their blood-red color. The Parakila trees produce large fruits; 
the fruit from the Kau trees is very sweet. The orange and lemon trees here are 
either budded or grafted. They come into t^earing the fourth year and remain fruit- 
ful for fifty years. Orchards are found in every pi ace^lrat they yieldbest results on 
the sea-^coast. No system of artificial irrigation m practiced. They prune liere at 
the end of March, with very great attention, and tliey give to the tree regular, ele- 
gant, a Jid graceful- forms. As soon as the pmning is finished the working of tne 
soil is commenced, and they dig the soiL with a spade to the depth of y5 to BO milli- 
meters in the clear spots, but only 3 or 8 hiohes deep in the vicinity of the trees. 
Later, two or three baskets of manure are distributed around each tree, and at the 
end of May the ground is irrigated once in every week or two weeks, accordmg to 
the season, the position, and quality of me grouM m summer. Irrigation is sus- 
pended dmiag th© autoy^ and wtoter. 
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-liae vato yield i3eivto& per amium^^ orchards iq about 

$80, alid the prineipal portion of the orange and leinon prdduot is for home consilmp-* 
tioii t ttie export is insigiiifieanti 

' 

Chily one It has the 

form of the round Spanish orange, with reddish-yellowish flesh; it lias a fine flavor 
and isTery juicy; itis aboUt 3imcheamdiameier,:th^ 
ttiins considerahle oih . 
: We have two ^inds of lemons 3 sweet and SGur* Tha orange is grafted upon, stocks 
of the sweet lemon, and this is supposed the most profitable, it Is said to in-^ 
crease the size ctf the fruit, ; ' / 

Orchard trees are planted 10 to 12 feet apaact ih eaeh direction* Both oi-ange; and 
leincm trees are planted as slirubs in such manner that several stems come out of the 
ground together, although there are some orehards where the trees have but one 
stem; those, however, planted as buBhes, protect the fruit better against the influ- 
ence of tJie wind^ 

The orchards are planted, as a custom, along the sea-coast, where they yield most 
abundantly on level land; inland orchards never do so well. As the orchards require 
a sandy soil, they are planted as near as one-fourth of a mile up to some miles dis- 
tance from tbfv Bea-shore, Every draa0^ lemon orchard is cultivated by a system 
of artilioial J rrigation applied two or three times a week. The ground in orchards 

: -between trees is cultivated twice a year; in the fall, before the -rain comeSj and in 

; spring, whew the rainy season is over, : 

The value of the yield of an acre per annum of best orchards amounts to from $80 , 
to |100; I?ie returxts- would b© much larger i^^ were exported to Europe, 

The above statements therefore relate only to home oonsumption. 

. . . sV aBELA, "CONSULAR A&ENT^ 

Oranges and leinms.^Om variety of orange, called Bisry, is always grown from 
seedo All others m-e gTaf ted -upon the^ w orange^ and in two or three 

yearrafter graftiiig begin to bojir f rait. 

The order of the soils best adapted to orange Oulture is as follows 5 the best being 
light earthj then dark loam, then sandy, aM fir)B>l^^^ 
^ ; AlHhe oranges and lemons of Syria are g^^ the sea-coast, whether 

at Tripoli, Sidon, or Jaffa; aad I know of no extensive successful cultivation more 
than 4 miles from the seaj and son^ are within 3D rods of salt 

water. When the^^^^^^^^ 18 feet apart every way wken 

the soiris good, 16 feet when the soil is only average. Ti*ees placed behind a shelter, 
as another line of trees, prosper better t^^ - 

As there is no raiii from May 1 till October 1 , irrigation is the only means of keep- 
ing the trees alive. Each tree is surrounded by a little bank of earth to keep the 
water about the tree. The trees are left without irrigation till the last of June, till 
the leaves curl a little, then they are Watered three times for periods of seven days^ 
and after this every fifteen days. The irrigation of the river coming from Mount 
Lebanon is better than from the wells, as the last h . 

In good orchards the average yield is estimated, at from 1,500 to 2,000 omnges 
_.per.tree,^ ... ..... / 

^BLIE AYAKIA, ACTING OONSCLAB AGENT; TARSUS, SYMAi 

Oranges mid lemons.--Thme me^^w^^ as Sweet and Soure : The 

most Valuable are the sour iempji and the sweet orange fruits, the usual value: of 
which is from 1 to 3 cents each. The trees are grafted, and £irG planted at a distance 
of from 13 to 16 feet between each plant. Sour lemons a,nd sweet oranges are most 
sensitive to a cold teLiiperature, especially the former, which are sometimes com- 
pletely mined by cold. - I ; 

The orange and lemon groves are generally situated in the interior or on: the 
coast, but always in the vicinity of towns, in order to be sheltered from cold. The 
pjain lands are rather suitable for the plantation and conservation of these trees/ 
out the best results are obtained on the coast, where the soil is more or less sandy 
and light. Even at a distaiioe of a quarter of a mile from the sea these trees pros- 
per quite well. The system of irrigation used in this country is the running water. 
In those places where such water is lacMng weUs are dug, the water of which is 
used for watering the gardens by means of wheels mounted with buckets. In the 
places w^er© the soil of the groves is cultivated, watering is necessary in eummer 
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and autumn wlien rains are: late, and this is done rGpeatedly. It is commonlj cal- 
culated that the average yield each. :No exporta^ 
tion of oranges or lemc^ are made 
f rom Syria^ V^^^^^^ ■ : ■ v ; - ' 
a/ STUD^, c<M^sinDs VsmaAP^ - 

Lemons.— In lieu of the usual lemon known to us m the United States, we have 
h^e the "Gitronella lime," a small fruit, a trifle over an inch in diameter, of pale 
green color, very acid. This grows well, without much care, almost every where in 
the Indo-Malayan Archipelago and in India also| it is very plenty and cheap. This 
tree has the advantage of not only yielding its valuable fruits (valuable not only for 
cookery and lemonade, but for many medicinal purnQses), but for the^ s 
ronella-charged leaf , out of which citroneila essential oil <^ 
as it does^ a very iniportant article of export. 

Orcmges, Straits SetUemefnis,-^^ here is not at all ex- 

tensive, and met with here and there in fniit orchards, the trees ptlanted closely 
together. The oranges are utterly unlike those produced in America or Europe. 
Here the orange is of deep green color, of the size of^ an average apple. There are 
two kinds, one rather sour and emitting a gtarong peculiar odor partly orange and 
citronella, and the other resembling thia in cb^^ of a sweet, insipid 

ta^e,' - . ^ . - ~ - " - " 

The Pomeldi or Pampelmus, is an indigenous ftniit of Indo-China, the Malay Pe- 
ninsula, and most islands of the indo-Malayan Archipelagb, Its form is slightly 
pear shaped from the middle downwards to the stem; it is of large size, average of 
about 5 inches in diameter; its color is of pale green; skin thick, but peels off 
quite readily , and is of a slightly warted and punctui^d appearance. It is vinous, of 
sweet taste, with pleasant subacid flavor, and is a very refreshing and wholesome 
ff tiit* The color of the juice is if rom light td dark ainber, with a reddish subtintj 
those from Java being the darkest colored aad ccms^ the best^ aad^hose f rom 
Slain liie neS best. , 

CMm bmnges.'-The quantity of oranges oonmimed in the ports is enormouBs and 
bv far the largest portion comes from China, Of Chinese oranges I have noted es» 
sentially three kinds. All of them have the true orange color and resemble the 
Italian orange, only that they are smaller. The first is known as the Swato# orange, 
and it is the largest of the Chinese brahges. Its skin is not very thick, comes off 
easily, and the fruit is juicy, sweet, with light subacid, and of excellent flavor. 
Two kinds are known as the Hong-Kong orange« One of these is called the Sucking 
orange, because the skin cannot be peeled off , adhering as it does close to the flesh. 
The other is known as the Coolie orange* It is small; like an average-sized tomatoi 
it peels easily, but has a thick skia, asid while jui^^a refreshing, has rather a 
strong subacid taste. " : . . . _ , 

Siarn oranges,— The average size of this orange is a little over 1^ inches m diam- 
eter ; in color it resembles a lemon rather than an orange; its skin is thinner than 
that of any orange known to me^ and peels oM with great *easei it is very juicy and 
fairly sweet, with iiardly amy su^^ ^ey d^'t Iceep as long as aay of the Chi- 

' JOSH a/ SUTTER, JB., CK>NSTO MS3300. : ; : : : \ 

Oranges m3 lemom,'--SweQt B.nd^ bitter oranges, navel oranges, lemons, limes, 
shaddocks; and citrons are gi-ownVherevbut limes and sweet oranges are the most 
valuable. Some 15,000 box^ of hmes are exported annually to : San Francisco. 
Only small quantities of oranges are expOTted to San Francisco from December to 
February, before the crop from the iskhds m th^^ 

Lime trees, wMch are allowed to grow lOce a bush, with branches rising from the 
rootB, commence to bear at the age of four y^rs^ and ga?e in full bearing when eight 
yearaold. Orange trees are ail seedlings; they commence to bear at the age of five 
years and are in full bearing at the age of ten yearsv They are planted mostly in 
moist places, along small streamlets or gulches on the hillsides, in low bottoms along 
rivers, or near the seashore; in sandy blaclc loam they yield the best results; the 
sweetest and thia-skinned oranges visually hillsides, whilst the fruit of low- 

lands is generally thick-skinned, / / 

Some orchards' are in close proximity to the seashore, hi sandy black loam, m some 
instances with lagoons of br&okish water on the side opposite to the seashore, and 
give very excellent results. Thus situated, there is one orchard newly and regularly 
planted of ^,000 lime trees and 100 orange trees, with room for many thousands 
more. Few of the orchards are regularly planted; the trees are scattered here and 
fe©r% without iaiy regard to eooaomy ia teid ocoupied, to of aomm@| 
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Value, The ground between the teees is not cultivated, but merely kept free of 
undergrowth and weeds, and ao ^stem of artificial irrigation is in use, 

A» vraiLi^D, COI^^ 

Oranges.— The orange commences bearing about the fourth year, and continues 
fruitful f or t;wenty-five years, and is more productive in a heavy loamy soil. The 
bottom-lands of the valleys inland yield the best results. There are no orchards 
near the seashore, A system of artificial irrigation is used. Trees are usually 
planted SO to So feet apart, and the ground in the orchards is sometimes planted in 
corn and vegetables. The variety grown is known as the Sicily, though chmate 
and soil have changed it somewhat, and the variety is not clearly marked. 

The oranges of this consular district are known for their sweet flavor. The pro- 
duction in the State is somewhat in excess of the home consumption, and some are 
shipped from in and around HermosiUo, over the Sonora Railroad, to Arizona and 
New Mexicoc There is said to be a large margin of profit on the crop, now that it 
can be transported by rail to the United States. 

0EORGE E. HOSKINSON, CONSUL, KINGSTON, JAMAICA, 

Orange mlture in Jamaica.--The YBTi0t^^ growing and bearing are 

native seedlings. Many of the trees now furnishing fruit for exportation are the rem- 
nants of those which were, prior to emancipation, planted by the slaves near their 
dwellings, such as the irregular groves now to be found on sugar estates and coffee 
plantations ; other bearing trees are seedlings, which have come up spontaneously in 
pastures and guinea-grass pieces. Since emancipation the colored people have 
planted orange trees in their small freeholds in the mountains. This has been done 
to a large extent in the parish of Manchester, where sweet oranges of good quality 
have been long ^bwn and where the soil and chmate conduce to excellence in the 
quality of the fruit. These are admitted to be the best in the island, on account of 
size, sweetness, flavor, and for their good keeping qualities. It has also been main- 
tained that they bear handling, packing, and the sea voyage to New York better 
than varieties grown elsewhere; for example, better than those grown On the north 
side of the island. The botanic garden authorities have introduced many good va- 
rieties, among others the Tangerme, These are all either grafted or budded. Seed- 
ling trees begin to bear at eight, nine, and ten years, ^nd are in full bearing at fifteen 
or twenty years. Grafted or budded trees come into bearing a little earlier from the 
time of planting out, It is only latterly, that is, sihc3 the development of the export 
trade, that budding and grafting have been resorted to. : 
_ Most of the trees ill pastures and on sugar estates and coffee plantations are kolatedi 
In dose plantations the distances are between 20 and 30 feet= Wider planting is pre- 
ferred by intelligent growers, as tending to the best results. Tangerine oranges are 
planted, at 22 feet apart, and larger sweet oranges at 25 to 30 feet apart 

Plantations of oranges are made principally at elevations above 1,000 feet. In 
Manchester the elevations will average 2,600 feet. tJndulating valleys are selected 
on account of the greater depth of soil to be found iik such spots, also on acceunt of 
its greater richness. The soil principally selected is jthat jof the white limestone for- 
mation of Jamaica geology known as " honey-comb rock.^' The resulting soil is a 
strong red earth, calcareous and ochery, owing to the presence of red oxide of iron. 
Orange trees yield the best results on the limestone soils, both on account of con- 
stituents promoting fertility and on account of the perfect natural drainage of such 
soils..- ^. ^ - . V -. _ : _ ._■ "_ : -_ : _ - : 

Proximity to the sea-shore l3 avoided. The powerful sea-breezes are hurtful to the 
blossoms and tender branches. At an elevation of 500 feet the sea-breeze ceases to 
be troublesome. The sea-shore is also too arid; and, as a rule, the soil of the coast- 
line is sterile and unsuitable. 

Artiflcial irrigation is only practiced to a limited extent in the plain of St, Cath- 
erine, and must be regarded at present as experimental merely. 

The prmcipal crop cultivated between orange trees is guinea-grass; but some of 
the best growers prefer to keep up a clean (cultivation. The general practice, how- 
ever, is to allow the grass to grow, and to keep weeds and shrubby undergro^i;h 
cut down by means of a bush-knife. In the grounds of the peasantry the whole list 
of cultivated crops in the tropics might be enumerated as crops cultivated between 
orange trees. The *'yard" or ''provision ground" of the peasant is generally a per- 
fect medley of vegetable growth, including, besides orange trees, almost everything 
else. In such places the cultivation of the orange tree is associated with the stirring 
£uid cleaning of the ground necessary for the smaU^^ 
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During recent years a new character has been given to orange culture in Jamaica 
by systematic planting and increased attention. The cJimate in the elevated por- 
tions of the interior is believed to be exceedingly well adapted to tiie orange- and the 
soil also. "When cultivation is bestowed the first elfect is to increase the size of the 
frait. Manuring is much neglected, but v/iien manures are applied the increased 
yield and tiie more rapid growtli of the tree are very noticeable. 

The orariLje season is from September to April, Those who are experimenting 
with irrigation entertain the idea that the season may be controlled so as to produce 
fruit at any desired tiiao of the year hy its aid. The yield in a tropical climate may 
be described as more (continuous thun in a warro., temperate, or subtropical region^ 
The tendency to continuous flowering is so strong that every copious shower may 
be said to be followed by a growth of young Bhoots with their flo w ers^ 

FELIX A. MATHEWS, CONSUL, TANGIER, M0E0CC30, 

Oranges and l&mons.^ln any country where the medium temperature in winter 
is superior to 4.0^ and in summer rises to 85" the cultivation of orange orchards can 
be made lucrative. 

Here orange trees are planted both inia-nd and on the sea-coast, on valleySj hiU- 
sideSj and uplands. They yield best results in well-drained low-lying lands sheltered 
from the cold north winds. They are not particular with regard to soil; they grow 
luxuriantly in the sand, provided they are manured and copiously watered in the 
summer. • 

_Seedlin|*9 are preferred, as they stand cold weather and yield largeiye If the seeds 
are from the finest fruits, there will be no ttecessity to bud them. 

^6 best stock for budding upon is the bitter or sou? orange^ There are nuxaerous 
varieties of the sweet orange:; the Balearic or Mallorea orange, large^ smooth, thia 
skin, of vigoi-(>u8 f7;vowth; the Portugsl or China orange, of less growth than the 
Balciirlp, i)ut pivMlucing very largo frail; the orange of Nice, highly favored in 
Pro-veuc(^ for its (slegance an.d beautiful fruit; tbo Maltese or Blood orange is very 
ricii, and also an abundant bearer, having ^ pulp stained with crimson. 

The fogs and white frosts of spring sometimes cause an alteration in the orange 
tee, which afterwards is shown in m© shape of reddish spots on the exterior part 
of the skin of the fruit, which render It unfit for use, 

SELECTED EXTRACTS RELATIVE TO OKANGE CULTURK IN AUSTRALIA, 

Without a suitable location you cannot grow oranges profitably , What h wanted 
is tliis;; a sheltered site» with natural drainage and a light porous soil. One of the 
best groves I know of is situated in a nearly perfect basin, the rim of which is sur- 
rounded- by a belt of trees. It is thus sheltered from every wind, and to a consid- 
erable extent from the morning sun, which is an important consideration. The 
formation of tlie land on this estate consists of a number of stratified sandstone 
slielves or natur;il terraceSo The soil apijears to be pure sand, and in some places it 
is quite shallow, but the trees do very well on it. The best of the soil, however, is 
saji^ly Joaxu, and in one sheltered nook, where there is a depth of about 9 feet of 
this on the bank of a creek, there are four trees growing, the tallest of which is 37 
feet hi, eh. - 

ill Heleciiing a,n orange site it is necessary, among other things, to: see: that it is 
favoj-tiVily situatiid in regard to fro;:ifc. Frost is very eccenti'ic in its movements. It 
Rlrikea one point and niisses another close by. An air current, like a current of 
•water, llosvs along till it meets any obstacle, and then, like water, it flows over or 
aroufid iL Where a frosty air current meets a hill the volatile flow goes either over 
or around it, falling here and there on its direct course, v»'-hile to the side eddies form 
and set lip a circular motion, gradually decreasing in strength as the distance in- 
creases from the main current. " 

The iinportanco of. slioJter in orange growing is paramount, not only as a protec- 
tion against cold winds, but iXiore particularly as shade from the morning sun. The 
xiv/C) of. the moi-ning sun j'alling on a frosted tree do much harm, and most orange- 
gros'/iijg countj'ic^B iire subject to frost more or less. The i\.zores, a number of vol- 
canic islands in the Atlantic, are situated between latitades 1>6° .'55' and o9° 44', Tlie 
oran*?;e disiricts of Spain ho uecweL^Ji 3()t]i and 4(ith de.groes of Jiititude, Portugal 
can grow oran!;*^;^ a?; fur north as Oporto, in Iatitud(r4t" 0'. New South Wales 
orange districts lie chiefly between and 84", ;md in Maltp. to 35" 50'. 

ISio doubt most ora.n go- tree planttu's of tb.e future will seek out situations naturally 
sheltered, wliero the forest will a.nswer iis the breaic-v/ind luid sun-shade, and when 
such situafions can be found with suita,b[e seal then' value will be very great. 

As to soil, in Australia a sandy loam is considered the best, and a heavy clay the 
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worst. In the Azores, where so^ finest oranges in the world are produced, 

the soil is volGaniG. Orange trees grow. in clay land, and in some cases do very well- 
nevertkeless it is the worst land for orangeSj in that it is the most retentive of wat^r' 
very liable to crack on the surface in summer and break the fibrous roots. In add i- 
tion to this, it is held that clay land produces sour fruit. The lighter the soil the 
sweeter the fruit. In the orange distriets of New South Wales the orange is grown 
on sandy loams, which, as a rule, are underlaid with marl or shale strata. 

One of the oldest and most successful orange-growers in Australia explains his 
method of planting as follows : " I plant the orange tree as near the top soil as pos- 
sible, not more than 3 inches from the surf ace. I collect the soil around to eoYer 
the roots. The soil under the tree should not be worked so deep as that farthcT 
away. For about three years I plow the ground, and every time I plow towards the 
tree, so that I collect a good depth of soil. This brings it to a nice round, and leaves 
a sui-f ace drain for the water. I advocate plowing u^itil the fourth year. The treo 
should be planted as shallow as possible, and every time the ground wants cleanino- 
it should be plowed towards the tree, leaving afurrow drain between the irees. My 
furrow; drains arie a foot deep. "When the trees are bearing the ground is never dug 
up, but ehipped over with a hoe— just scraped, in fact. I also bend the tap root, and 
sonietime&put; a alab ur^ " 

Respectfully submrfctei^^ 

Superi7itendentof&^ 
Hon. SoRMAisr Cor^M 

Commissioner. 
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AgriculturalChemieal Association, 11. 

exchanges, 435. 
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Antonovka, 272. 
Arkansas black, 268. 
^: Boardman, 272. 
Burlington^ 270. 
Crawford, 269. 
Elkhorn, 269. 

Northwestern Greening, 271. 

Pilot, 270. 

Scott's Winter, 271. 

Shannon, 269. 

Siloam, 369. 

Waupaca, 271. . 
Wolf river, 271. 
Arbor Day, 181, 

Arctium Lappa f 8Q, ^ 
Argentine Republic, distribution of trade of, 445. 

imports and exports, 444. 
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Arsenical poison for Fall Web-worm, 536. 
Arthur, J. G., report on pea blight, 125. 

table of fungi by, 132-135. : - 
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^scoms^ce^otts fungi, 123. 
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Babbitt's lye, experiments with, 566. , ^ 
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uses and value of , 327, - „ 

BarbareaprcBCGx,^2, 
vulgaris, 92. 
Barley, crop of 1886, 879. 

insects, 573.- . ■ . 
report on, 50. 
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Bee culture, 462, 
Beef fat, 142, . . 

Bees , control of reproduction m, 587, 

fertilization of , in confinement, 590, 
quaking disease of , 583i 
Beggai'-weed, 75. - . . 

Benne oil, 144. 
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BiELBY, C. F. A. , on Orange-leaf Scab, 120. : 

Birds and mammals, circular for collection olstoniachs of , 233. 

circular on the food-habits of , 230. 

distribution and migration of, 250. 

habits of, with Cottony Cushion-scale, 483, 484. 
Bisulphide of carbon, experiments on fumigation, 500^ 589. 
Hitter-weed, 87. 
Black-billed Cuckoo, 526. 
V - fly, 492. ■ -:. : : - 

rot, 109, 116. : : : 

Blood sucker, 527. 
Blue thistle, 90. 

weed, 90, 
Bobolink, 39. 

Borax, the physiological action of , 140. 
Botanical Division, history of, 69. 

report of, 69. 
work of, 25. 
perfect specimens necessary, 81. 
specimens, preparation of, 81. 
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Seed and Horticultural Division, 80. 

Brick-torch, 536. 
Bromus unioloides, 73, 77. 
Buchloe dactyloides, 72. . _ ; - ■ 

Buckwheat, crop of 1886^ 380. ■ 

insects frequenting, 578, 576, 
Buffalo Gnats and overflows, 492, 515, - 
carbon-bisulphide against, 500. 

Southern, 20, 461. 

Bugioss, ao. : - : 

Bunding material, 157. 
Burdock, 86. ^ - 

Bureau of Animal Industry, Report of Chief , 593. 

work of , 14. V 
Bush <fe Son, letter from, on fungicides, 101, 
Butter, crystalline formations of, 141. 

tests corroiDorated, 145. 
Buttercup, 93. ^ ; 

Calif ornia Timothy , 73. : : - / - . 

Campbell, C. W., on Orange-leaf Scab, ISO. 
Canada thistle, 85. . 
CapseUa bttrsa-pastoris, 9d, 
Carbonatated juices, from sugar cane, analyses of, at Fort Scott, 330. 
Garbonatation apparatus, 305. 

modification of the process of , 315, 
tanks for Fort Scott, 306, 
Caustic potash, experimeiits with, 5:54i - r - 
CeanothusamericanuSi 17, 
. Celandine,- 93. ^ 
Celery culture, at Kalamazoo, Mich., 343. 

leaf-blight^ 117. : : : V ■_ ■ - 

soils suitable to the culture of, 843. 
Cercospora Apii, 117, 119. 
Cereals, crop of all, for 1886, 380. 
Charbon, 497, \ - 

Chelido7iium majiiSy dS. 
Chemical Division, raiscellaneous ^w 

work at Magnolia Station, 330. 
Chemist, report of, 277. 
Chemistry, Division of, 16. 

Chenopodiurrv album, 91 . - - - 

Chickens eating Cottony Cushion-scale, 484. 
Chili, imports and exports of , 446. 

Chip-elevator, work with, on sugar cane at Fort Scott, 318. 
Chips, exhausted, disposition of , at Fort Scott, 314. 

from sugar cane, analyses of , at Fort Scott, 320. 
Chrysmithe7numleucmithemum,S8. 
Cinnamon and cassia, falsifications of, 300.. 
Circular on distribution and migration ox birds, : 350. 
- Downy Grape Mildew, 99. 
" - t - 
economic relation of mammals, 331. 
English Sparrow, 331. 
food-habits bird^ 
to rice-growers, 334. 
Circulars and schedules disMbt4^ted; by 
Citrus fruit, report On the culture of, in Australia, 703. 

- . y Azores, 697. : 

Constantinople, 698. 
Genoa, 693. 
India, 700. 
Jamaica, 701. 
Malaga, 697. 
Mar8alaj694, 
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Citrtis fruit, report on the culture of , in Mexico, 70G, 701. 

: ^ . Morocco, 703, . 

. - - - : . ^ . : . - Mytilene, 698. ■ ' - ' ~: \ ' 

- - a: 

Spain, 695, 696. 
Syria,699. : 
Yenioej 605. 

Clado^oriumf 120, 
Clamceps purpurea f 129* 
Glover t^^sifce), report on, 50. 

Japan, nt Louisiana, 51, 

(IfieMZote aZda), report on, 51, ; : o , 
- native, 83. - -. :■. t . 

stem-borer, 574, _ : 

weevil, 581. . . . r -..-^ ' J-^ ■ . ^ 

Cloves, falsifications of, 300, ; - . 
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Coceid-eating Dakruma, 485. - - r ^ : 

Cockle, 90. : : V . ; - ; / - 

Cockle-bur, 87, . . 

€ock's-foot,:84. 
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Companion Wtieat-fly) 573, 574.^ 
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Conclnsions, general, of the work at Fort Scott, 315. 
Gondiments, 16. ' - . : - ^ - ' ^ ■ ' 

Congress, International, on fungicides, 103. 
Co-operation, progress of , as to pleuro-pneumpnia, with infected States, 601. 
Coppice management, 214. 

standard, method of management of , ^15," 
Cork-oak acorns, 76. : ^ ■ 

Corn and wheat, supply and demand for five years, 406, - 

crop of 1886, exportatioh Of, 872./ 
? p^ 

of merGhahtabte, 360. 
^ value of, 871, ^ ^ : - : \ r - 
distribution and consumption of crop of 1886, 366, 

local, 368. : > ^ : :\ 

- report on, 51. -- \ -' 

" statistics of , 365. - / : ; ; _. 

stock on hand, 409. .-- . . ■ : V 

: the coming crop of, 416. - ^ -/..'. 7 " : r: 
Correspondents, directions to, -80. - 
Cotton, crop of 1886, 382./ ^/ ^ 

" last year, -384 : \ \ [ ■ ".i- 

- :; industry, 41. /■ 

; price of seed of , in 1886; 884. : ' ; " ■ : : f 

: ^ : i7eport; on growth and yield, 51^ 

seed oil used in Oleomargarine, 144. : 
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-enemies, 484,; " ; V 

^ ; : - ^ V ^ /- food-plants, 471. ^ V - : 
V ^ . \ ■ : geographical distribution of,: 466. ^ 
: / insect, 20. ' v 

: mode of spread and distribution, 488. 

: remedies, 553. • . - : 

Maple-scale, 455. ^ ♦ 

Cows, numbers, varieties, and uses of, 402. 
Gr^ 

reporting and speculation, S60.^ . : 7 
^ statistics, current, 365, : - ;/ : - . / . ; % ' : 

Croton plant, 76. - - - 

Crystals, forms of fat, 278. ; ^ 

j;Ot4S<ett^a, 72.^^ ^ :/ V - - ; - \ - y 

Gutting-maehine, work with, on sugar can© at Fort Scott, 818. 
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Oymopterus, "^6, 
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Dabney, S. W., report on citrus fruit in Azores, 697r 

I>actylis glomerata, 129, . _ 

Dairy, 40. . - .. : 

products, 16, 277. - 
Deforestation, effects of, 152, 154. 
Departmental methods of administration, 8. 
Reports, 43. 

Desmodium, 7Q. : 
Difficulties encountered in working sugar cane at Fort Scott, 325. 
Diifusion battery, apparatus for delivering and removing chips, 304. 
description of, 302. 
feed-tank, work with, on sugar cane at Fort Scott, 319, 
juice, weight of, as compared with weight of cane, 324. 
juices, analyses of, 311. 

from sugar cane, analyses of, at Fort Scott, 319, 
-Distribution, improved methods of, 48, 
Division of Chemistry, work of , 16. 

Gardens and -Grounds, work of , 24; 
Dodder plant, 72. r 
Dragonfly, 510." - ^ 

Ducks, 481, 525. 

Earwig, .487. * - - - 

Echium vulgare, 90. 

/Economic Entomology correspondence, 20. 

Division of , work in, 38, 

Egg-parasite, 530. - - - 

Elm Loaf 4xietle, 461, 536, 537. " V ^ ^ 
: Emulsions, experiments with, 538, 561, 563; - - - - 

English Sparrow, 525. 

Entomological Division, report of , 459. - 

work of , 18. 
Entomologist, Report of , 459. 
Entomology, publications during the year, 464. 
work of the Division, 464. 

Ephedra, 77. 
JEragrostis ciliaris, HQ. 

cynosuroides, ^79* 

Ergot, 129. 

Experiment Stations for grasses, necessity of , 73, 74. 
_ reports of , 47. " 

Exports of the products of domestic agriculture, 433, 

to South America, 443. : 
Exposition work by the Botanist, 70."_ 

F. 

Fall Web-worm, 461, 518. 

characters, 518 to 529. 
remedies, 535 to 538. 
Farm animals, estimated number and value of . 401. 

^ , January 1,1887, 404. 

of the world, 448-451. ■ 
forest, and other land, table of comparative areas of; 185. 
statistics, foreign, 451^58. 
Farmers, debts of , 417. 

frauds upon, 428. 
Farms, conclusions in reference to, 427. 
_ ^ number and value of, in different States, 418. 
Fat m milk, determination of, by the centrifugal method, 288 to 290, 
estimation of , 287. 

gravimetric estimation of, by Adams' method, 290. 
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Fats and oils used in adulteration of butter, 277. 

ci^stals of, 141. - 
how to mount, 141, " : 

melting point of, 281. / - / ; > 

specific gravity of^ 280. . ; 
Fertilizers, Gommercial, 17. 

FieH sorrel, 90. : . " ^ ^ : 

Filter presses at Magnolia, 334. 
: fot Fort Scott, 306. 

: - pump, the Bunsen, 144. 
Filtration, experiments in, at New Orleans, 338. 

test of the Kleem^nn process at Magnolia J 389^ 
Fletcher, James, repoi c on citrus fruit in Ghenoa, 698, 
Florence International Exhibition, 464. - : 

Florida, number and value of farms in, 434. 
Fote, M. G., letter from, on fungi^ 
Forest cleaning and tliinning, 330. i ^ : 

Gpmmissions of different States, 178. 
Department, plan for a, IM^^ 
r . insects, I>. Packard's r^ort, 465, - ■ : _ 
management, 314. ^ 

planting and management in the tTnited States, 171, 
^ in echelons, 318. : 

policy, 183, ^ 

difiiculties in changing, 167. 
products, imports and exports of, 158, 101. 

for consumption, 159, 160. 
property, farmers' interest in, 169, 170. 
regeneration, method of, 319. 
: the timber, 316. _ - : 
Forester, what he should plant, 190/ 
Forestry, 31. 

Associations, 183. 
■ : condition of , in the United States, 15^^ 

Division, report of, 149. 

work of ^174. 
important general principles of , 186, 1^^^ 
instruction in, 183. 
legislation in regard to, 179. 
literature of ,183. 

publications on, 336. - / ^ 

Forests, area of , required, 155. 

biological studies of, 177. ^ ■ \_ ' 
climatic influence of ^ 153. ' - 
mechanical influence of, 151. 
: other methods of mahagement, 333. 
phenological observations on, 176. 
_ p^ivate^ 166v - : 
significance of ,150. : ^ 

statistical inquirie& relative to, 175. V : ; 
Fort Scott, results of work at, 313^. 
FOTTION, M. M., report on citrus fruit in Mytilene, 698. 
Foul-hrood disease, 584. - 
Frosts, ejects of , in Florida, 687. 
Fruits, collection and distribution of , 360. 

aiames and description of new, 367, : r \ - 
Fungiof plant, 95. T . \ 

Ftmgous diseases, investigation of , 80. 

of plants, 38. ^ - . 

Fungus, action of the, 98. . - r 

of the Celery-leaf Blight, 119/ 

FusisporiMm solani, 1%%, ' 

Galiimi Mspidulum, *76. 
Garden and Grounds, Division x)fy 24. 

Beport of Superintendent of , 687, 



Georgia, number and value of farms in, 424. 

Gilbert's relief grass, /rs. ; : ^ ' . ~ _ 

Gillett's lye, experiments wit^^^^^^ 
Ginger, falsifications of , 300. 
Glassy cut-worm, 573, 

Gnat-oils, 500, : : - . 

Governnaent action in regard to its own lands, 1?^^ - 
■ - ^ ]dant;ations " - . \ ■ . 

" timber land, 162. : : ; 

Grain Aphis, 576. - : " : 

Grains and grasses, insects affecting, 57S. 
Grape crop, shrinkage of yield of V in OMo, 110, 
Grasses, reports on, 52. ; - 

: work on, by Botanist, 70» . : 

Grass fungi, 129, : : ■ ; ; 

Gravity, specific, of butter and fat, 285. 

Guinea ^ass,-74i:- ^ ^ 

Harvest-mite, 495. ■ : _ - ^ ' . - 

Hawk-fly, 510.-; ^ ^^-/^ - - -/^^ -- - 

Hawks and owls, value of , to the farm, 228. ■ 

Hay, crop of 1886, 381. : 

Hazzard, Capt. W. M., on Rice birds, 249. 

Heap; Gv li. , r^^^ 

Hessian fiy, 539. 

HicjH, Geo. M;, letter from, on f^^ 
Hints on killing weeds, 85. 

Hog-cholera bacterium, experiments upon other animals with, 619 to 621. 

of, in different localities, 622 to 630. 
biological facts concermng the bacterium of , 603. 
experimentB towards immunity, 633 to 
how prevented, 654. _ 
; in Illinois^ 630 to 633. 

pathogenic properties of the bacterium of, 611 to 619. 
/ resistant spore state in the life-history of, 610. 
virus, how introduced into food, 655 to 659. 
^HogweedySl - 
Hop Aphis, 462. 
Horse nettle, 89. 

Horses, numbers, varieties, aM uses of , 401. 
HosKlNSON, Geo. E. , report on citrus fruit in Jamaica, 701. 
HbSKiNS, T.H:. , M. D. , report on orcharding in Northern New England 274 
Hubbard's formula for kerosene emulsion, 538. 
Hungarig,n Millet, 74. - 

: - y^^^^^ . : : V . 

Jte cassme, 77. ; ' _ 

Illinois, number and value of farms in, 421. - .- . _ 

progress of pletiro-pneumonia in, and action taken, 595. 
Imports of agricultural products, 434. 

the United States from South America, 442. 
Indiana, number and value of farms in, 421. 
Indian blood-weed, 76, ' - 

Mallow, 88. L 
Inoculations with unattenuated cultures, 643: to -654. . 
Insects affecting grains and grasses, 573 to 580. ; ^ 
InternationaIExhibition,464r . 
Investigatfens abroad, 42.^ ■ ; : 
Irrigation, 40. ^ ^ - - ; 

Isosonia, alternation of generations 0^^^^^ 

V ; ^ ^ : - -r ■ " 

Johnson pumpV 554. 

Joint-worm, 462, 539. ^ : J 

worms, chaleid parasites of , 540. 
Juice from cane at Magnolia, composition of, 381. 
Juices, comparison of raw and clarified, 332. 



712 INDEX. 

K. 

Kansas , number and value of farms in, 423. 
Kentucky, number and value of farms in, 420. 

progress of iDlcuro-pneumonia in, and action taken, 593= 
Kerosene emulsions, 460-570. - - - " - 

Kleemann process, advantages of, 340. ' 

of filtration, test of, 339. 
Knorr, a. E., on the examination of meats, 355, 856. 

v" L.- >- 

Laboratory, building desired for j 40. . 

Lamb's quarters, 91. 
Lard, neutral, 143, 

Legislation in regard to Sparrows, 245. 
Lime kiln, for use at Fort Scott, 305. 

quantity used, in juice from sugar cane, at Fort Scott, 325. 

water, experiment with, 566. 
LiNTNER, J. A., on the tussock moth, 243. 
Little, Frank, essay on celery culture, 343. 
Loco plant, 75. 
London purple 5 537. 

Louisia,na, number and value of farms in, 425. 
LowENSTEiN, Richard, report on citrus fruit in Spain, 695. 
Lyehnia Qithago, 90, 

M. 

Magnolia, results of work at, 341 . - - -. 

Mammalogy , ^Division of, 38. . ^ _ _ 

Mammals, circular on the economic relations of , 231. 

effects of , on agriculture, 252, 
Management in echelons for forest planting, 218. 
Marp>ton, H. C , report on citrus fruit in Malaga, 697. 
Mathews, Felix A. , report on citrus fruit in Morocco, 702. 
Meat analyses, table of, 357. 

Meats, examination of , 355. ^ . 

Michigan, number and value of farms in, 421. 
Micrococcus amylovorus, V^^. _ ^ - 

MiscroSGope, arrangement of, for examining butter, &c., 140. 
Microscopical Division, work of, 36. : 
Microsopic examination of tissues of infected animals, 621. 
Microscopist, Report of , 139. . : . - 

Milan races of silk-worms^ 550. - i' - : ^ . 
Mildew, grass, 105. 

Hop, 105. 

Lilac, 105. 

remedies m Finance in 1886, lOL 
the Downy, 96. 
Powdery, 105. 

action on the vine, 107. 

white, 105. 

Mildews , distribution and severity of, in the United States, 115. 

the, 115. - " " ' 

Millet, report on, 52. : 
Mills, accident to the, at Magnolia, 330. 
Mississippi, number and value of farms in, 425. 
Missouri, number and value of farms in, 422. 
Molasses, analyses of , at Magnolia, 336, 337. 
Morgan, J. M., report on Australian rabbit, 255. 
Mosquito-hawk, 510. 
Musk-melon, report on, 52. 

-melons, analyses of, 347. 

composition of, 345. 
Mustard, falsifications of, 298. 
Mycological Section, 28, 
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N. 

Nebraska, number and value of farms in, 423. 
New York, number and value of farms in, 418. 
New Zealand, law for suppressing rabbits, 255. 
Nicotana quadrivalvisj IQ, 
Tustica, 76. 

North Carolina, number and value of farms in, 423. 
NoYES, M' Walter B., report on citrus fruit in Venice, 695. 
Nut-grass,.78. - . " . 

Nutmeg and mace, falsifications of v 301. . 

O. 

Oats, Bohemian, 429-432. : - 

crop of 1886, 377. 

rej)orts on, 52. 
Ohio, number and value of farms in, 420. 
0*i<imm, 106. : : 

Oil of tar against black fly, 500. 
Oleo, 142. 

Oleomargarine, 143. 

extraction of cotton-seed oil from, 143. 
Oppenheim, Ernest L., report on citrus fruit in Spain, 696. 
Orange budding, relative merits of stock for, 691. . 
culture in Australia, 702. 
grove, planting of , 690. 
groves, preparations for planting, 689. 
leaf Scab, 120. 

description of the disease, 121, 
the, 267. ' 
: Bahia, 267. 

Oranges,, cause of the comparative freedom from rust of , 688, 

superiority of " Indian River," 687. 
Orchard grass, 74. ' 

a spot disease of , 129. _ - ■ 

Orcharding in Northevn New England, 274i ^ 
Ornithologist, Report of , 227. - " 

Ornithology and Mammalogy, Division of,: 464. 

Division of , 38. ' ^ - 

' importance of , 227. 

work in the Division of , 229. - 
Osage orange as a food-plant, 547. 
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